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ABSTRACT

This independent study, we investigate exponential stability problem for a
class of linear and uncertain linear systems with time-varying delays. The time-
delays is assumed to be a continuous function belonging to a given interval, but
not necessary to be differentiable. By introduce a set of augmented Lyapunov-
Krasovskii functionals combined with the Free-matrix-based integral inequality, new
delays-dependent sufficient conditions for the exponential stability of the system is
first established in terms of linear matrix inequalities (LMIs). Numerical examples

are given to show the effectiveness of our obtained results.
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CHAPTER 1
Introduction

1.1 Introduction

Time-delay systems are widely used to model concrete systems in engi-
neering sciences, such as biology, chemistry, mechanics and so on. So the stability
analysis of time-delay systems strongly requires before experimental stage. As
these reason, the stability analysis of time-delay system have been an attractive
study research field during the past years.

The derivative of the Lyapunov functional in order to make it easy to han-
dle. Stability analysis of linear systems with time-varying delays @(t) = Ax(t) +
Dz(t — h(t)) is fundamental to many practical problems and has received consid-
erable attention. Most of the known results on this problem are derived assuming
only that the time-varying delay h(t) is a continuously differentiable function,
satisfying some boundedness condition on its derivative : h(t) < 6 < 1 In delay-
dependent stability criteria, the main concern is to enlarge the feasible region of
stability criteria in given time-delay interval. By constructing augmented Lya-
punov functionals and utilizing free weight matrices.

Uncertainty is one of the main features of complex and intelligent decision
making systems. Various approaches, methods and techniques in this field have
been developed for several decades, starting with such concepts and tools as adap-
tation, stochastic optimization and statistical decision theory. Another category
of approaches is based on the functionals with prescribed derivative. The idea is
to apply the functional, that is appropriate for a nominal system and does not
depend on the uncertainties, for analysis of the uncertain one. Since our approach
belongs to this category, we address the issue in more detail below. One of the
crucial goals of the theory was to construct a functional that admits a quadratic
lower bound what is of paramount importance for robustness analysis in particu-
lar. Such functional was derived in was called the functional of complete type. Its

derivative depends on the whole state of a system, and this functional particularly



was applied in analysis of systems with delay uncertainties, interesting applications
of the functional. It is worth mentioning that there exist other definitions of the
complete-type functionals, which are also applied in development of the topic. All
these functionals came from the functional with a simple derivative 27 (t)Wx(t) for
which a quadratic lower bound does not exist, here W is a positive definite matrix.
There is a certain problem when we apply this simple functional for analysis of
uncertain systems : its time-derivative along the solutions of a perturbed system
is not negative definite, thus the Krasovskii theorem does not hold.

In this paper, we present a new approach for stability analysis of linear
time-invariant systems with delay uncertainties, either constant or time-varying,
that is developed applying Free matrix based integral inequality. Motivated by
the above discretion, we shall desired new criteria for the exponential stability
of systems with interval time-varying non-differentiable delay. By introduction a
set of improved Lyapunov functionals combined with the NewtonLeibniz formula,
we propose new criteria for the exponential stability of the system. The delay-
dependent stability conditions are formulated in terms of LMIs, being thus solvable
by utilizing MATLAB LMI Control Toolbox available in the literature to date. The
approach allows us to apply in exponential stability of uncertain linear systems with
interval time-varying delays.

The independent study is organized as follows : Section 2 presents defini-
tions and some well-known technical propositions needed for the proof of the main
results. Delay-dependent exponential stability conditions of the system with illus-
trative numerical examples are show in Section 4. Section 5 gives the conclusions

of the paper.



CHAPTER 2
Problem formulation and preliminaries

2.1 Problem formulation and preliminaries

The following notations will be used in this paper. R™ denotes the set of
all real non-negative numbers ; R" denotes the n-dimensional space with the scalar
product 27y and the vector norm || . ||; M™ " denotes the space of all matrices of
(n x r) -dimensions ; AT denotes the transpose of matrix A ; A is symmetric if A
= AT; I denotes the identity matrix ; A(A) denotes the set of all eigenvalues of A
; Amin / max(A) =min/max {ReX : X € A(A)}; 2y == {z(t +5) : s € [-h, 0]},
| @ [|= supsel—n,o{ll z(t + s) ||};C*([0,t], R™) denotes the set of all R -valued
continuously differentiable functions on [0, ¢t]; Matrix A is called semi-positive def-
inite (A > 0) if (Az,z) > 0, for all x € R"; A is positive definite (A > 0) if
(Az,z) > 0 for all x # 0; A > B means A — B > 0; x denotes the symmetric term
in a matrix.

Consider a linear system with interval time-varying delay of the form :
i(t) = Az(t) + Dz(t — h(t)), t€ R",
z(t) = o(t),t € [=hy, 0] (1)

where z(t) € R™ is the state ; A, D € M™" and ¢(t) € C'([—hs,0], R")
is the initial function with the norm || ¢ ||= sup_n,<i<ofll () |, @(t) ||}. The

time-varying delay function h(t) satisfies
0<hy <h(t)<hs, teR*.

Definition 2.1 Given o > 0. The zero solution of system (1) is « -
exponentially stable if there exist a positive number N > 0 such that every solution

x(t, ¢) satisfies the following condition:

| z(t,¢) [|[< Ne=® || ¢ ||, Vte R*.



We end this section with the following technical well-known propositions,
which will be used in the proof of the main results.
Proposition 2.1 (Cauchy inequality). For any symmetric positive defi-

nite matrix N € M™*"™ and a,b € R"™ we have
+aTh < a"Na+ b'N-1h.

Proposition 2.2 For any symmetric positive definite matrix M € M"*",
scalar v > 0 and vector function w : [0,7] — R" such that the integrations con-

cerned are well defined, the following inequality holds

(/ 7w<s>ds)TM( [ wtas) <o [Terenmasas)

Proposition 2.3 Let F, H and F' be any constant matrices of appropri-

ate dimensions and FTF < I. For any € > 0, we have
FEFH + H'FTET < eEET + ¢ 'HTH.

Proposition 2.4 (Schur complement lemma). Given constant matrices
X.,Y,Z with appropriate dimensions satisfying X = X7,Y = Y7 > 0. Then
X + 7Ty -1Z <0, if and only if
X z7 -Y Z
<0or <0.
Z =Y 7t X
Lemma 2.1 (Free matrix based integral inequality [3]).

Let z(r) € R™™ be a continuous function : {x(r)|r € [a,b]}. For symmetric

matrices M, N € R¥3" R € R™" matrices x € R*3" W,Y € R¥*" satisfying

M X Y
0=|x N W| >0,
* xR

the following inequality holds :
b
. . b—
- / XTRX (r)dr < §T<(b —a)M + TGN + He{Y ¢ + W¢2})§,
where ¢ = [1 —I 0}, ¢2 = [—I —1 21],

§= col{:l:(b),:z:(a), ; i - /abx(s)ds} :




CHAPTER 3
Main results

3.1 Main results

The following notations will be used throughout this paper.
Jip = ATP 4+ PA+2Q — hye M ®; — hye 2020, — (S A+ ATST),
Jig = —hie 22, — S, A,

Ji3 = —hge 220, — S5 A,
Jyg=Jy=PD—-5D—-S5,D,

Jis = —hie 2, — S A,

Jig = —hge 220, — Se A,

Jir = Jn = —S7A,

Jig = Js1 = 51 — SgA,

Jo1 = —hie72My, — S, A,

Jap = €M Q — hye M Py — (hy — hy)e 220,
Joz = —(hy — hy)e~ 21201y — (0.5) (e 4 e22h2)Q,
Jos = Jyg = =52 D,

Joz = —hje %M g,

Jag = Jo2 =0,

Jor = —(hy — hy)e 22m2Q),,
Jog = Jg2 = 5o,

Jat = —hoe=20m20ry — G4 A,

J32 = —(ha — hy)e" 2120y — (0.5) (M1 4 e22h2)Q,
J3z = —e 212 Q) — hye 22Uy — (hy — hy)e 22 Q)
Jsa = Jy3 = 53D,

Jss = Js3 =0,

Jsg = —hge 2020,

Jar = —(hy — hy)e*"2Q,
J3s = Js3 = 53,

Ju = —258,D = — (84D + DTST),



Jus = J54 = — 55D,

Jug = Joa = —S6D,

Jyr = J7y = =57 D,

Jug = Jsqa = Sy — SsD,

Js1 = —hie 22Mds — S A,

Jso = —h1672ah1(1)5,

Jss = —hie~ 2 dg,

Js6 = Jo5 = 0,

Js7 = Jr5 = 0,

Jss = Jg5 = S5,

Jor = —hae™2°m2W5 — S A,
Jo3 = —hoe 202y

Jog = —hoe 2020y

Jo7 = Jrg = 0,

Jos = S,

Tos = —(hy — hy)e20m2Q,

Jrg = —(hy — h1)e %20,

Jor = —(ha — hy)e2m2Qq,

Jrs = Js7 = 57,

Jsg = (h3 + h3)R + (hy — hy)?U + Sg + ST



Theorem 3.1 Given a > 0. The zero solution of system (1) is « -
exponentially stable if there exist positive matrices P,Q,R,U, positive semi-definite
matrices M;;, N;;(i = 1,2,3), any matrices M;;, N;;(i = 1,2,3,i # j) and S;(i =
1,2, ..,8) such that following LMIs hold :

M X Y
0= N W| =0,
x* % R
_J11 Jiz s J1a Jis Jis  —5S7A _Sl_SSA_
*  Jag Joz —SeD Jas 0 Joz Sy
x % J33 —S3D 0 J36 J37 Sy
. x* x % —25/D —=S;D —-S¢D —-S;D Sy— SsD <0,
X ox % * J55 0 0 Ss
* % % * * Js6 0 Se
x ok % * * * Jr7 S7
x k% * * * * Jss |
(3.1)
My Mys M
where M= My My Moyl
Mz Msy  Mss
Nii Nig Nis
N = Ny Ny No
N31 N3z N3

Proof We introduce the following LyapunovKrasovskii functional for the

system (1)

V(t,zy) = ZVi ,



where

Vi =" (t) Pa(t),
¢

Va :/ 25027 (5)Qux(s)ds
t—hq
¢

V3 :/ 20T (§)Qa(s)ds
t—ho
t—hq

Vim [T Qu(is

0
Vs=h

.
Vo=t [

e 22031 (Y Ri(7)dr ds,

1 [+S
t

/ e~ 20T () Rix(7)dr ds,
2 Jt+s

h
0
h,

Vy = (hg—hl)/ /ﬂ 20(1=04T (1)U (7)dr ds.

From (3.1.1), we have
Amin(P) || @ [P< 2" () Px(t) < V(L 2y) .
From (3.1.2), we have
Vo [ e T () Qu(s)s

I
e\

—hy
27 (5)Qx(s)ds
—hy

Amax(@) [ 2(2) [1* ds

IN

IA

——

—h1

@ [0 I [ 1
wex(Q) | 2(t) 2 Ry
el @)
(@

I
>~

IN

Q) h | x(t) |I*
)z |? ha

IN
>/>/>a

IN

max

From (3.

}_x

3

, we have
t

(3.1.1)

(3.1.2)
(3.1.3)
(3.1.4)
(3.1.5)
(3.1.6)

(3.1.7)



< Amax(@) ha || 2(t) |17
< /\max(Q) || Ty ||2 h2 .
From (3.1.4), we have

t—h1
< 2o / A (Q) [ 2(t) |12 ds
t

_h2
t—hq

_ ety () [ 2(t) | / 1ds

t—ho
= e Anax(Q) [ 2(t) I* (R = Pa)

< Amax(@) [[ 2 |7 (ha = Ta)

From (3.1.5), we have

Vs < hy / / 2T (T Ri(1)dr ds
h1 t+hq

0
:hleml/ &7 (7)Ri(r)dr / 1 ds
t;hl —hq
= h162ah1/ ZET(T)R.I(T)CZT (h/l)
t—hy

) tth )\maxx'T(T)Rx'(T)dT
< A (R) [ (1) |17 (h)?

= Al

max(R) ()2 (I A 2] (t) |I?

R)(|| Az(t) + Da(t —h(t)) [1)* (h

1)?

< Amax (R)(h)* (I A2 +2 (LA DL+ 1] D{?) ] (2) |I?
< Amax (R)(h)? (N A N2 +2 LA MDA+ (] D {P) [ e |17 -
From (3.1.6), we have
Vo < hy / / e*h23T (1) Ri(1)dr ds
ha o

+2 [ AN @) [ DI —=h@) |+ 11 D 1] 2(t -

0
hoe 2“"2/ &7 ()R (T)dr / 1ds
t—hao —hy

t
_ pyeahe / (1) Ri(r)dr (ha)
t—ho

h(t)) 11%)



=0 [ A (R

Amax(B) [[ () 2 (o)?

Amax(h2)2(R)(|| Ax() + Da(t — h(t)) |)?
Muax(h2)2(R) (|| A 2] 2 (2) |1

x(
A2 AN @) 1 DN —=h@) 1| + 1| D[P} (= h(2) [I7)

IN

ho
ho

< Amax(h2)*(R)([ A2 2L AN D+ 11 DIIP) [ () |7

< Amax(h2)*(R)([ A2 2L AN D+ 1D IP) f e |1
From (3.1.7), we have

Ve < ( h2 h1) / / e?oh2 T)dT ds

— (hy — hy)e2om /t;hz T () Ui(7)dr /_hz 1 ds
(h hl)e%‘h?/ ) (T\Uz(7)d7 (hy — hy)
= (hy — hy)? /th Amax@” (T)Uz(7)dr
< Nua(U) [ 8 (8) 12 (B — hu) (hy — )
= Amax (U) (ha — ha )2 (I A ]| z(2) |1
+2 [ Al =@) ([l D ([l =(t=h@) | + || D IPP| 2 — (= R(t)) I
< Anax(U)(ha — h)2 (T A2 +2 | AN DL+ | DI1P) [ =) |1
< Amax(U)(ha = 2(FA 2 +2 [ A DL+ 1D P) [ |1
It easy to verify that

Ml z) [PVt o) < X || o |?, Ve >0. (3.2)

By taking the derivative of V; along the solution of system (1), we have
Vi = 2T Px(t)
= xT(t)d%Px(t) + %xT(t)Px(t)
— 2T (1) Pi(t) + () Pa(t)
27 (1) Pir(t)
20T (t)P[Ax(t) + Da(t — h(?)]
22T (t)PAx(t) + 227 (t)PDx(t — h(t))
T (t

T (t

PAx(t) + 27 (t)PAz(t) + 22T PDx(t — h(t))

)
)[PA+ PA]x(t) + 227 (t)PDx(t — h(t))

10



=27 (t)[ATP + PA]x(t) + 227 (t) PDx(t — h(?)) .

) d [t
Vo= — 2627 (5)Qu(s)ds
dt t—hy

e [ emran)

:6—2041%% /tth1 2as T( )Q[E( )d8+/tth1 62as T( )QIE( )d8%6—2at
_ [6—2at 20,7 (1) Qe () — —2at62a(t—h1)xT(t — h)Qua(t — h1)]
-9 ‘ 2as T d —2at
o [ e 6)Qu(s)ise
— [6—2005 2at T( )Q.I'( ) _2at62a(t_h1)l'T(t . hl)Ql'(t _ hl)]
—2a /t 02T (5)Qu(s)ds
t—hs
T (O)Qu(t) — e Mgt (t — hy)Qu(t — hy) —2aVs .

) d [t
Vs =— 20T (§)Qux(s)ds
at J,_p,

= (e [ o)

_ —204151 ! 2as T ! 2as T d —2at
=t [ et @Qust [ T (5)Qu(s)ds e
— [e—zat 2at T( )Q:l?( ) —2at62a(t—h2)xT(t _ hg)Qx(t _ hg)]
-9 ! 2as T d —2at
o [ e (s)Qa(s)dse
_ [6—2at62ath(t)Qx(t) _ em20t200-h2) 0 T (4 po)Qur(t — hg)]
—2a /t =0T (5)Qu(s)ds
t—hy
= 2T (t)Qux(t) — e 22T (t — ho)Qu(t — hy) —2aVs .

. d t—hq
Vy = i) 20T (§)Qu(s)ds
t—ho
d —2at /‘t_h1 2as T
=—e T
(e [ et )Qetas)
—2at d = 2 T = 2 T d —2at
—er [T () Qulsdss [ e ()Qu(s)ds e
t—ho t—ho
— ¢~20M [mT(t ~h)Qa(t — hy) — €220 T (¢ — hy)Qu(t — hg)]
—2e2V/,.

11



0
"/5 —2at/ / 2a7' T (T)deS)
hi1 Jt+ S

0

d
72at 620{7 T (7_>de5
—hy Jt+

+f7h1 ftJrs ezO‘TxT(T)Rx( )desjthle_zat

0yt

:h16_2ati/ / e** 7T (1) Ri(7)drds
dt —h1 Jt+s

—2ahy fi)hl f;s 23T (1) Rir(7)drds

d 0 t
= hle_%‘t—/ / 27T (1R (1)drds — 2aVs
dt 0 hy Jt+s
= hle_Zm’/ T (O Ri(t) — 23T (¢t + s)Ri(t + s)ds — 2aVs
h1
0
= hye 22t / <x’T(t)R$(t) — 3T (t + s)Ra(t + s))ds —2aVs
h1

. /_ Z (:‘cT(t)Rﬁc(t) — 237 (¢ + ) Ri(t + s))ds 24V

0 0
=M / T (t)Ri(t)ds — hy / 3T (t + s)Ra(t + s)ds — 2aVs

—h1 —hy

0 0
= hyi” (t)Ri(t) / ds — hy / il (t + s)Ra(t + s)ds — 2aVs

—h1 —h1

=it () Ri(t) — /0 29557t + s)Ra(t + s)ds — 2aVs

= h2it(t T(0)R2(0)do — 22V

= h2iT — 2a( T(s)Ri(s)ds — 2aVs

_h2T

[
[

e / ¢205 20037 () i (5)ds — 20V
/ alt=m)e=20t3T () Ri(s)ds — 2a Vs

< B2 (#) Ri(t) — hye2Mm /t_h 7 (s)Ri(s)ds — 20V .

By applying Proposition 2.2, Newton-Leibniz formula and Lemma 2.1, we
obtain
Vs < W27 () Ri(t) + x(t) D1 hpe22MaT(t) 4+ z(t — hy)Pyhoe 2M a7 (1)
t

1
+h— z(s)ds®rhie M 3T () + 2(t)Pohye 22T (t — hy)
1

1 t
42 (t—hy)Pshie Mg (t—hy)+ ™ / z(s)ds®ghie M T (t—hy)
1 Jt—h

12



I T I T
+2(t)P3he” M <h_1/ x(s)ds) —|—x(t—h1)<b6h16_2ah1<h—l/ x(s)ds)
t—hy t—h

L a(s)dsoh, Ml(lf (s)ds)  —2aV; A
Wl s®ghe I x(s)ds aVs ,

0 gt
QO‘t/ / > 3T (1) Ri(7)dT ds
ho Jt+s

— —2at 2047' T RI dT ds
dt /h2 [+s ( )
—l—f ha ft+5 e 3T (1) Ri(7)dT ds Fhoe ™20

:hge_Qat— / / €2aTi‘T(T)R.iZ(T)dT ds
dt h2 t+s
—2ah2f ft+s 2037 (1) Ri(7)dT ds

= h262°‘t—/ / Tl (1)Ra(7)dr ds — 2V
dt B ho Jit+s
_ hye 20t / eQaf( T(#)Ri(t) — 53T (t + s)Ra(t + s)>ds ~ 2aVj
—ho
0
= hy / T (t)Ra(t) — **507 (t + s)Ri(t + s)ds — 2aVg
—ho

0 0
= h2/ T (t)Ri(t)ds — hg/ 25 i7(t + s)Ri(t + s)ds — 2V

—ho —ha

0 0
— hod" () Ri(t) / ds — hy / 2557 (¢ 4 §)Ri(t + )ds — 2aVi
—hso —ho
0

0 [0 . (—hg)] ~ hy / 2557 (t + 5)Ri(t + s)ds — 2aVy

ho
0

= hiiT 537 (t + s)Ra(t + s)ds — 2aV

ho
t

~te |

= h2i" / 2057 (0)Ri(0)d — 2aV
]
-]

= hai” 5057 (s Rir(s)ds — 20V

< hii e?5e 257 (8) Rir(s)ds — 2a Vg

< B2 () Ri(t) — h2/ e (5) Ri(s)ds — 20
t—ho

t
< h3iT(t)Ra(t) — hye 2% / i7(s)Ri(s)ds — 2aVg .
t—h
From Proposition 2.2, Newton-Leibniz for12nula and Lemma 2.1 , we have
Ve < h3i™ (1) Ri(t) + x(t)Wyhge 2m22T (t) 4 2(t — hy) U hge 2227 (1)
t

+h— 2(8)dsWrhae 22T (1) + 2 (t)Uahge 222 (t — hy)
2

13



1 t
+J](t—h2)\1/5h26_2ah2 (t hg) h/ (S>d8W8h26_2ah2fL‘T(t—h2)
1 [ 2 1 [
Fal) Uahae 0L / (s (1—ha Whae / 2(5)ds”
t—ho

1 t

1 t
+—— ( )dsWghge 2" — / x(s)ds” —2aVy ,
h2 h2

Vi = (ha — ) / / 20T o203 T (MU (7)drds
+s

— (hy — hy)e th {/ 27T (Y Ui (7 )dT]ds
“hy L Jirs

= (hy — hl)e_mt% /:1 /t; 73T (1)U (7)drds
+%(h2 — hy) em{ / h /t; eQaTx"T(T)Ui’(T)deS]
= (hy — _2atdt/ /; e (7)Ui(7)drds
—2a(hy — hy)e 2 / / t 2 i (1) Uz (1)drds

+s

= (hy — _2atdt/ /+S e (7)Ui(7)drds

—Qa[ (hy — hy) / /+s 20047 (Ui (7 )des}

= (hy — hy)e > p / /+S Tl (1Y Uz (7)drds — 2aV7
 (hy — et / h (4 (U (1) — G (14 Ui(1+ 5) ) ds
—2a V5 i L,
= (hQ—hl)%T(t)Ui:(t)—(h2—h1)/ 1ezo‘sx'T(t+s)Ux'(t+s)ds—2aV7
2
_ (hQ—hl)Q:tT(t)U:b(t)—(hg—hl)/t_h (200105775 (5)ds
— (hy — W2 (O U#(t) — (hy — hy)e2h /t } T () Ui (s)ds — 20V |

By using Proposition 2.2, Newton-Leibniz formula and Lemma 2.1, we
obtain
Vi < (hg — hy)?&T () Ui(t) + x(t — h1)(hg — hy)e 22 Qa7 (t — hy)
+a(t — hy)(hy — hy)e 2n2QuaT (t — hy)

+h2 n tt :21 (3)d8(h2 — h1>6_20‘h2Q7$T(1§ . hl)

14



+$(t - hl)(hg - hl)e_gahQQQl’T(t — hg)
+l’(t - hg)(hg - h1)672ah295$T(t — hg)
1 t—hq
+ x(s)ds(hy — hy)e 22 Qga” (t — hy)
h2 - hl t—ho
L 1 t—h1 T
t — hy)(hy — hy)e29"2Q) d
et = ha)(hn e 2020, (e [ (i)
1 t—hq T
t — ho)(ho — hy)e 2m2Q) / d
+a( 2)(h2 — hu)e 6<h2—h1 - z(s) s)
1 t—h1 oot Q 1 t—h1 d T
+ x(s)ds(hy — hy)e "2 / z(s)ds
i st = ey (o [ ategs)
—2aVy .

Therefore , we have
V() +2aV ()
< 27 (1) [ATP + PA} 2(t) + 22T () PDa(t — h(t)) + 2" Qx(t)
—e2ahigT (t — hiQx(t — hg))
feZahigT <t h1Qx(t— h1)> eahayT (t—thm(t—h2)> +h2aT (1) Ri(t)
—hye= M / t i (s)Ri:(s)ds+h5i" (t) Rir(t)—hoe 2" / t &' (s)Ri(s)ds
t—hy t—ha

t—h1

+(hy — h1)23T (t)Ri(t) — (hy — hy)e 22 / i (s)Ri(s)ds
t—ho
< 27(t) [ATP + PA} (t) + 22T () PD(t — h(t)) + 27Qux(t)
—e2ehgT (¢ — hQu(t — hy) ) + ¥yt <t — hQux(t — hl))
—e29h2 Tt — hyQu(t — hy)
RZB( )+ x(t)®hie M aT (1) + x(t — hy)Pyhoe™2M 2T (t)
— / 8)ds®rhie M2l () + 2 (t)Pohie 2" 2T (t — hy)

1 t

42 (t — hy)®shie 22T (t — hy) + . / x(s)dsPghie M2t (t — hy)
1 Jt—h

T

1

1 [ 1 [t T
+2(t)Dghie M <—/ J:(S)dS) +$(t—h1)®6h16_2°‘h1<—/ x(s)ds)
t hi Ji—n, ) hy Jiom,

1 1 T

— dsPohie M (— d
-I—h1 x(s)dsPghye ( - (s) s)

1 t
+o- z(s)dsWrhoe 22 (t) + x(t)WUghge 2227 (t — hy)

2

1 t
2 (t — hy)Wshge 2227 (1 — hy) + . / z(s)dsWghoe 22T (t — hy)
t—ho

2

—2ah ]' ! T —2ah ].
+l’(t)\I’3h2€ 2 <h_ / l’(S)dS) +$(t hg)\pg‘)hge 2 <h /
2 Jt—ho 2

t

(s)ds)T

15



I I T
+— x(s)dsWohge 2"‘"2( / (s)ds)
hZ t—ho h2 t—ho

+(h2 — h1)2l’ ( )UI( ) + .I‘(t — hl)(hg — h1)€_2ahQleT(t — ]’Ll)
Fa(t — ho)(ha — hi)e 22 Q2T (t — hy)
1 t—hq
+ x(s)ds(hy — hy)e 22 Q™ (t — hy)
ha —h1 Ji_p,

SVt — )
+£L’(t — hg)( 2 1) 2ah295l’ t— )

1 t—hq
+ z(s)ds(h
hy — hy /t_hg Jds(ha —

(
T
+3§'(t - hl)(hg — h1)6_2ah293<ﬁ tt__:; I’(S)dS)

1 t—h1 T
bt h)(hy — hy)e 20 (- / r(s)ds )
2 7 N1 Jt—ho

1 t—h1 ok 1 t—h1 T
+ z(8)ds(ho—hq)e 2225 / z(s)ds) . 3.3
hQ_hl/thz (s)ds(ha—hn) N o) JREE)

By using the following identity relation
&(t) — Ax(t) — Dz(t — h(t)) =0,

ha)

SB( (hg — hl) 2ath T (t )
hy — h (
hi)

hy)e 2°m2 Qe (t — hy)

we have
:cT(t)Sljs(t) — 227 (1) S, Az (t) — 227 (1) S, Dx(t — h(t)) = 0
ol (t — hy)Sai(t) — 227 (t — hy)SeAz(t) — 227 (t — hy)SeDz(t — h(t)) =0
27 (t — ha)S3i(t) — 227 (t — ha)S3Ax(t) — 227 (t — hy)S3Da(t — h(t)) = 0
) ))SaDx(t—=h(t)) =0

a(t — (1)) S (t) at(t—h(t )SsAx(t)— QQST(tT h(t
2(1111 /t—h1 x(s)ds) Ss(t) — (;1 - x(s)ds) SsAx(t)
_2<hi1 /t jhl m(s)ds)TSg,Da;(t — () = 0

z(hiz /t th r(s)ds) (1) - 2(%2 /t N r(s)ds) SpAa(t)
_2<hi2 /th2 x(s)ds)TSGDx(t — () =0

]_ tihl T . 1 t*hg T
2<h2 e /t_hz 37($)ds> Sqi(t) — 2<h2 e /t_h2 x(s)ds) Sz Az(t)

1 t—h1 T
—2(h2 I /thz x(s)ds) S:Da(t — h(t)) = 0.

257 () Sga(t) 227 (t) Sg Aw(t)—22T (1) Sy Dx(t—h(t)) = 0. (3.4)
By adding all the zero items of (3.4) into (3.3) , we obtain

V() +2aV()
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< {L’T |:ATP + PA + 2Q - h1€72ahl¢)1 - h2€72ah2\1/1 - (SlA + ATS%—‘)]I(t)
—HI?T(t) |:—h1€_2ah1 @4—5214] $(t—h1)+$T( ) |:—h2€_2ah1 ‘114—53A:| (t—hg)

+xT[PD—51D—s4D}m(t—h(t)) ()[ hye=20 @, — S5A]h1 / t 2(s)ds
(1) [ e 20— 5] hl2 /t th2x(s)ds—|—xT(t)[—S7A] h; - /:hjlm(s)ds
+aT[S) — SsAli(t) + 2T (t — hl)[ hie 2ah1<1>2—52A}x(t)

+aT(t—h )[26 20h.) e~y — (hy — hl)e—%fhml}x(t — )
aT(t — hl)[ (hy — hy)e~22m2Qy — (0.5)(e2M + e2ah2Q)}x(t — h)
a™(

t—h1)[~ Sy Dla(t — h(t ))+xT(t—h1)[—hleQo‘hlé[)g]hil/tjhlx(s)ds

2" (t — hy — hy)e ?*"2Q) } ! /t_hl z(s)ds
ho —hi Jo_p,

( )| —

2T (t — hy)Sai () + 2T (t — hg)[ hoe= 2002, — sgA}x(t)

42Tt — ho)| = (hs — hy)e 22720y — (0.5)(e2M + eM)Q}x(t ~h)
(t hg) 6_2ah Q h € —2chy \115 (h2 — h1> _2ah2Q5i|l’<t — hQ)
( [—

T (= h) [, Dla(t— (1)) 47 (6 h) | —hae "] hlz /tth 2(s)ds

(= o) | = (ha — e h;hl /t_h 2(s)ds

4T (t — ho)[Ss)a(t) + 2T (t — h(t ))[PD—SZLA—SlD}x(t)
T (t = h(t)[=Sa D)t — hy) + o7 (t—h(t))[—SgD]x(tl—hgz
#aT(t = hO)=25iDa(t = h(t) + o (= hE)=SsDl- [ a(s)as

+xT(t—h(t))[—56D]hi2 /t_h 2(s)ds+aT (t—h(t))[~S- D] h; - /t_; ' (s)ds

s (t=h(O)[S,-SiDJa(t)+ - [

1 Jt—h1

z(s)ds)” [—hle’%‘hl O —S5A] x(t)

t

+
=) -

(s )ds)T [ hye~2am @6} (t — hi)

MN

+

il?

x(s)ds T[ hle_Qahq)}(;l /tth ()ds)

)s) -
yis)

d8>TS5(h1 /t . )
yis)

x(s)ds T[ hoe 2h2p, —SGA] (t)

~+

+

_|_
N N

~+

BEEE R

N‘\W\
H

+

>
N
s
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+ + o+
FI= &= &= &

+

+
&/\/\/ﬁ/\/—\/\/\/—\/\
—_
D‘
= (V] (V) (] (V]
;~
Q.
w
~_
A
A
>
Do
D‘
l\')
Q
=
{O
I—J
A
~
>
=
S—

N h1/h dS>T[ (72 = hn) Q‘th} (8= hs)

+ hl/th ds)T )

* —h1 /t . o(5)ds) [ o Q](hgihl /t_,m o(5)ds)
t—h T

. h;hl/th s(s)ds) [S1(0)

T (0] SuA + SiJa(t) + 7 (O[SaJo(t — bn) + 37 (O[Sela(t — hy)

447 (0)[- SuD-+ (1= h()+T (OSia(t—h)+37 ()55 (- / als)ds)

—i—;‘gT(t)S(;(hiz /t th v(s)ds) + g'cT(t)S7<h2 L - /t jhh o(s)ds)
+iT (1) [(h“l’ +RYR + (ha — hy)2U + Ss + Sg} i(t)
= 7 (t) JE(1).

where

£(t) = [x(t),x(t—hQ),x(t—hg) 2(t—h(t)), hi/th (s)ds, i/t als)ds,

ha
1 t—hq
x(s)ds,xz(t)].
hz—hQ/W (s)ds, &(1)

According to condition (3.1), we obtain
V(t,x) +2aV(t,z) <0
V(t,z) < —2aV(t,x,), Vte R (3.5)

From (3.5), we have
V(t, ) = —2aV(t,x)
av
—(t,xy) = —2aV (t, xy) (3.6)

dt
By mterestlng both system of (3.6) , we obtain

/ (%)Z—‘;dt /Ot(—2a)dt

18



V() _
In W 2at
V(t) —2at
V(0)

SVt m) < Vi(g)e ™, Vte RT
From Ain|2(6)[1* < V(¢ 2¢) < Aax[|l2(8)[|*

Mllz(t, @)II* < Vi(wy) < V(g)e ™ < Age™ |||

by 6—2at 2
ot )2 < 22O
1

/\2 —2at 2
< —= “ .
SN ol

Then,we have

A2
et 0l <y (G2l

A
</ e el te R
A

From definition 2.1 , we concludes that the zero equation of system(1) is o -

exponentially stable. O

Next , we consider the following uncertain linear systems with interval
time-varying delay:
z(t) = [A+ AA(t)]x(t) + [D + AD(t)]x(t — h(t)),t € RT,
z(t) = ¢(t),t € [h, 0] (2)
where the time-varying uncertain matricesAA(t), AD(t)are given by :
AA(t) = E,Fo(t)Hy, AD(t) = EgFy(t)Hy
and F,, Ey, H,, H; are known constant matrices with appropriate dimen-
sions, F,, F; are unknown uncertain matrices satisfying
FI(F,(t) <I,FF(t)F,(t) < I,t € R*.
The following notations will be used throughout this paper.
My = ATP 4+ PA+2Q — hye M ®, — hye=20n2V, + H'H, + H'H,,
My = —hje 2,
My = —hye™ %20,
My =Jy=PD+05+ HIH; — S, A,
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Mys = —hie 2" dy,

Mg = —hge™2h2 07,

M7 = Jn =0,

Mg = Jg1 = —S2A,

Myy = —hye™ 220,

My = €2°M Q) — hye 20"y — (hy — hy)e 22m2Q)y
Moz = —(hg — hy)e™22M2Q),

May = Jy2 = 0,

Mys = —hye M g,

Mss = Jo2 = 0,

Myr = —(hg — hy)e 2120,
Mss = Jso = 0,

Mgy = —hye 220,

Msy = —(hy — hy)e= 222y,

Msy = —e™2"2Q) — hye 22 W5 — (hy — hy)e 220,
M3y = Ju3 =0,

M;s5 = Js3 = 0,

Msg = —haye™ 22 g,

Msz = —(hg — hy)e 22 Qg

Mz = Jg3 = 0,

My = —25,D = H'Hy+ HTHy + HY Hy,

Mys = J54 =0,

Mys = Joa = 0,
My7; = Jy = 0,
Myg = Jgg = Sy,

Msy = —hye 2" dg,
Msy = —hye™ M ®;,
M55 = —hle_zahlq)g

M56 = J65 = 0,
M57 - J75 - 0,
Mss = Jsgs = 0,

20



Mgy = —hpe™ 220,

Mgz = —hge 22 g,

Mgg = —hae™ 220y,

Mgz = Jre = 0,

Mgs = 0,

My = —(hg — hy)e2*"2Q),

Mz = —(hy — hy)e=2*"2Q,

My = —(hg — hy)e 2*m2Q)y,

Mzg = Js7 = 0,

Mgs = (h3 + h3)R + (ha — h1)*U 4+ Sy + S3 + HY Hy + H} Hy,

Theorem 3.2 Given a > 0 The zero solution of the system (2) is a-

exponentially stable if there exist symmetric positive definite matrices P, Q, R, U,

and any matrices S;,i = 1,2 such that the following LMI hold

My My My My My My My Mg
k My Moz Moy Mas Mys Moy Mog
* Mg Msy Mss Msg Ms; Msg
i * * x My My Mg My Mg <0,
* < * *  Mss Msg Ms; Msg
* ok x %« Mg Me M
* * * * * * My Mg
* * * * * * x  Msg
-QPA PE, PE, S,E, SQEG-
* —1I 0 0 0
Mo =1 « * —1 0 0 <0,
* * * i 0
* * * * —1I
(25,0 S, S.E,
Ms = * -1 0 | <0,
* * —I

21
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Proof We consider the following Lyapunov - Krasovskii functional for

the system (2)

V(t,x¢) ZV; ;

By taking the derivative of V; along the solution of system (2) we have
Vi = 2T Px(t)

=27 (t) L Pa(t) + LaT(t)Pa(t)

= 2T (t)Pa(t) + & (t) Px(t)
227 (1) Pi(t)
22T (H)P[(A+ AA(t)z(t) + (D + AD(t)z(t — h(t))]
22 (
227 (

[

2T (t)P[Ax(t) + AA()z(t) + Dz(t — h(t) + AD(t)z(t — h(t)]

2T (t)PAz(t) + 22T (t) PAA(t)x(t) + 227 (t)PDx(t — h(t))
+22T(t)PAD(t)z(t — h(t))

=2l (t)PAz(t) + 2T (t)PAz(t) + 2T () PAA(t)x(t) + 2T (1) PAA(t)x(t)
+2T (t)PDx(t — h(t)) + 2T (t)PDx(t — h(t) + 27 (t)PAD(t)x(t — h(t))
+2T(t)PAD(t)z(t — h(t))

= ol (t)[PA+ ATPla(t) + a7 (t)[PAA(?)
+AAT Pla(t) + 2T (¢)[PD + DT Pla(t — h(t)) + 27 (t)[PAD
+ADTP)(t)x(t — h(t))

=" (t)[PA+ ATPla(t) + 2" (t) [PEFu(t)Hy + PH, Fy (t) E7 ] (t)
+a?(t)[PD + DT Pla(t — h(t)) + 2" (t)[PEgFa(t) Hy
+PHF] (t)E7](t)z(t — h(t))

= ol (t)[PA+ ATPla(t) + 2" (1) [(PE.) (PE.)" + Hy Halx(t)
+a2T(t)[PD + DT Pla(t — h(t))

+.’ET(tZ[(PEd)(PEd)T—|—Hng] (t)x(t—h(t)) (3.10)
V=g [ T (5)Qu(s)ds
T Q1) 4T (1) Qu(t—hr) 20V (3.11)
i :% 0, (5)Qur(s)ds
= xT(t)gi(t)—e_QQthT(t—hQ)Qx(t—hg) —2aVy, (3.12)
Vi :% - 2G0T () Qu(s)ds

= e 2 [T (= ) Qu(t — hy) — %P2 (t— hy)Qu(t — hy) | — 2¢7 2V,
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(3.13)

. d 0 t
Vs = — <h16_20‘t/ / eQaTx'T(T)RJU(T)deS>
dt —h1 Jt+s
S h%IT(t)R.Z‘(t + x(t)CI)lhle_Qahle(t) + x(t — h1>q)4h26_2ahll'T(t)
1 t

+h— z(8)ds®rhie M 2T () + 2 (t)Pohye 22T (t — hy)
1 Jt—hy

1 t
+l’(t—h1)q)5h1€_2ah1 (t h ) h / (S)dS@ghle_zahIJ]T(t—hl)
1

—2ahy 1 ! —2ahy 1 ! T
+x(t)Pshie <h_1 x(s)ds) +x(t—hy)Pehye (h_1 x(s)ds)
t—hy t—hy

1 [ 1 [ T
+—— x(s)dsPghy e’hhl( / x(s)ds) —2aVs , (3.14)
hl t—h1 hl

t
Vs = hoe 2 / / > 3T (1) Ri(7)dT ds
—ho Jt+s
< hiT(t)Ri(t) + x(t)Whge 20201 (1) + 2(t — ho) U ahoe™20m22T (1)
t

1
—l—h— 2(8)dsUrhye 2227 (1) + 2(t)Uahge 2207 (¢ — hy)
2 Jt—ho

1 t
2 (t—ho)Ushye 2237 (t—hy) + - / z(s)dsWghoe 22 2T (t—hy)
1/ 2 1 [
+x(t)\lf3h26_2ah2—/ x(s)ds +x(t—h2)\116h26_2°‘h2—/ x(s)ds”
h’2 t—ho h‘2 t—ho

1 t
—/ 5)dsWghye 22 — / x(s)ds” —2a Vg, (3.15)
h2 t—ho

Vo = (hy — hy) / / 2ty (AU (7)drds
+5
(hg h1)2 T + .T(t - hl)(hg — h1)€_2ahQleT(t — hl)

t—hQ)(i% - hl) “2ah2 Q)T (t — hy)
z(s)ds(hy — hy)e 22 Q2™ (t — hy)

+x(t—h1 Y h)e 222 00aT(t — hy)
(

)

+Jf(t — hg hg )6 2ah295l‘ t— )

t—hy

m(s)ds (hy — hy)e 22 (t — hy)

+x(t—h1)(h2 e e ! /ihjlx(s)ds)T

ho — hq
1 t—hq T

t — ho)(hy — hy)e 22M2Q) / d
+x(t — ha)(ho — hy)e 6<h2_h1 - x(s) s)

L st — ey (— [ asyas)”
+ z(s)ds — e 2 / z(s)ds

hz—m/t_,u (st — ha)e "2 (= [ a(s)as)

—2aV;. (3.16)
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Hence , we that
V() +2aV ()
a7 (t)[PA+ ATPlx(t) + 2T (#)[(PE,)(PE,)T + HY H,)x(t)
#T(#)[PD + DT Pla(t — h(t)) + 27 (t)[(PEs) (PE,)"
FHT Hala(t = h(D)) + 27 Qa(t) — 212 (¢ = hQu(t — ho) )
e2ah g T <t—h1Qx(t—h1)> _eRohay T (t—hQQx(t—hQ))+h§¢T(t)Rg;~(t)
_ye2am /t TR AT () RiE)hae /t T Ri{a)ds

t—h1

+(hy — h1)22T (t)Ri(t) — (hy — hy)e 22 /t ) i (s)Ri(s)ds
AT (H)[PA+ ATPla(t) + a7 (1)[(PE)(PEL)T + HI H.Ja (1)

+xT<t>[PD + DT Pla(t — h(t)) + 2T (O[(PE) (PE)T

+HYHylx(t — h(t)) + 27 Qx(t)

—e2ohig T Et — hQx(t — hQ); + eZahigT (t — hQux(t — hl))

—e2oh2g T (¢ — hyQu(t — hy)

+h2 Tt ( ) + () Prhie 2 gT () + x(t — hy)Pyhoe Mt (1)

— / 8)ds®rhie M2t () + 2 (t)Pohie 2" 2T (t — hy)

1 t
™ / z(s)ds®ghie 2" 2T (t—hy)
1

1/t 1 [t T
—2ahy —2ahy
+Jf(t)@:,h1€ <_h,1 /th ZE(S)CZS) —I—l’(t h1>q)6h16 (hl/ x(s)d8>
1

1 [t T
— ds®yhqe20m d
i [ ao)istume <h1/ r(s)ds )

1 t
—l—h— m(s)dS\D7hge’2ah2xT(t) + 2(t)Uohge 22T (t — hy)
2

ta(t— hQ)fog,he 2ah2 Tt — hy) +

+£B(t—h1)q)5h1€_2ah1 (t h )

/ z(s)dsWghoe 22 2T (t—hy)

t

L1
ha
—|-.T( )\Dghge 2ah2< / ) t hQ \D6h26 2ah2< ! / .Q?(S)dS)T
h2 t—hao h2 t—hao

1 [t 1 T
+— 2(8)dsWghye 2002 / ds
h’2 t— h2 ( ) o <h2 t—ho ( ) >

+(hy = h)?2" ()Uz(t) + 2(t — ha)(he — hy)e "2 Q2" (t — hy)
+:1:(t1— 2)(t hy)e 22 QuaT(t — hy)
—|—h2 ), x(s)ds(hy — hy)e 22 Q™ (t — hy)
+x(t — hy)(hy — hi)e 2202 Q2T (t — hy)
+I(t - h2)<h2 hl) 2ah295l’ (t hg)
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1 t—h1
+ / x(s)ds(hy — hy)e 22 Qea™ (t — hy)
ha — hy Ji_p,

T
alt = )y = hy)e Qg (b [0 a(s)ds)

1 t—hq T
vt — hy)(ho — hl)e—MmG( — / x(s)ds)
2 7 N1 Jt—ho

1 t=h 2ah 1 o g
ds(ha—hq)e 24" Q) d 1
+h2 — h1/ x(s)ds(ha—hy)e 9<h2 e /th2 x(s) s) (3.17)

t—ho
By using the following identity relation

() — [A — AA®)]z(t) + [D — AD®)]a(t — h(t) =0 ,

we have
=227 (t)S12(t) + 227 (1) S1[A + AA(t)]|z(t)
+227 8, [D+AD(8)]z(t—h(t)) = 0 (3.18)
227 (t — h(t))Sud(t) — 227 (t — h(t))Sa[A + AAR)]z(¢)
=227 (t—h(t))S4[D+AD(t)|z(t—h(t)) = 0 (3.19)
227 (t)Ssa(t) — 227 () Ss[A + AA(t)]z(t)
—247(£)Ss[D+AD(t)|z(t—h(t)) = 0 (3.20)
From (3.17),(3.18),(3.19) and (3.20) , we have
V +2aV < 27 (t)[PA + ATPla(t) + 27 (t)[(PE,)(PE,)" + HL H,x(t)
+2T(t)[PD + DTPla(t — h(t)) + 27 (t)[(PE)(PE4)"
+HT Hylx(t — h(t)) + 27 Qx(t)
—e2ohig T (t — hQu(t — h2)> + e2ohi gt <t — hQux(t — hl))
—e2ah2 T (t — haQux(t — hg))
+h§a‘cT(tt)R:t(t) + z(t)®rhe2MaT(t) + z(t — hy) Pyhoe 2M T (1)

1
+o- x(8)ds®rhie Mot (1) 4+ x(t) Pohye M 2T (t — hy)
1 Jt—h1

1 t
42 (t—hy)Pshie M at (t—hy)+ . / z(s)dsdghie M ot (t—hy)
1 Jt—h

1 t 1 ¢ T
t)D3he20Mm / t—hy)Dghie20M / d
+x(t)Pshie (h1 t hlm(s) ) +az( 1)®ghie <h1 t hlx(s) 3>

1/t 1
— s)ds®ohye M —/
o tthl Solne (hl )
1
+— 2(8)dsUrhge 22T (1) 4 2(t)Uohge 22T (t — hy)
h2 t—ho
1

t
+I(t—h2)\115h26_2ah2 (t h2) / (S)dS\Ilghge_Zahzl'T(t—hQ)
t—ho

hy
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T 1 [t T
+2(t)WUshoe 2ah2< / (s ds) +x(t—hg)Wghoe 2ah2<h2 / x(s)ds)
t—ho

¢
L x(8)dsWghoe 2ah2 /
h2 t— h2 t—h
+(hs >2 (U <)+x(t—h1 hz—hl) —2aha ) 0Tt — hy)
) 2o¢h29 A (t — hl)
s)ds(hy — hy)e 2"2 Q2T (t — hy)
t—ho
+JZ t — hl h2 hl) QQhQQ Xz (t )
+.Z'(t — hg h hl) 2ah295[[’ (t )
t
x(s Yds(hy — hy)e 22 Qg2 (t — hy)

+I’t— 2

t—ho

+:1:(t—h1)(h2 hy)e Mm( s ()ds)

1 tfhl T
SVt — hy)(ho — hl)e”ahmﬁ( — / x(s)ds)
2 7 N1 Jt—ho

1 t—hq oans 1 t—hq T
+h2 — /th2 x(s)ds(hy — hy)e Qg(h2 e /th2 x(s)ds)
—22T()S () + 22T (1) S1[A + AA()]z(¢)

+22751[D + AD(t)])z(t — h(t))
1227 (t — h(t))Sya(t) — 22T (t — h(t))S4[A + AA()]a(t)
=227 (t — h(t))S4[D + AD(t)]z(t — h(t))
+227 () Sgz(t) — 227 () Ss[A + AA()]z(t)
=237 (t)Ss[D + AD(t)]z(t — h(t)) .

= T ()Mig(2)
Hence , we have
V(t,x) — 2V (L, ;) < ET(t) My&E(t) + T (t) Mo (t)

2T (t—h(t)) Msx(t—h(t)) (3.21)

By using the similar approach as in Theorem 3.1 with taking S; = P, Sy =
53 S5 S6 57 = O S4 = Sl Sg SQ we obtain
2PA+ PE,E'P+ PE,ETP+ PE,ETP + S E,ETS, + SoE,ETS, < 0

By equivalent , we have
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-QPA PE, PE; S.\E, SgEa-
* —1 0 0 0
Me=| % x I 0 0 |<0, (3.22)
* * * i 0
* * * * —I

—25,D + S1E4ETS) + SoE4ET Sy < 0
By equivalent , we have
—251D S,E; S.Ey
Ms = * —1I

0 | <0, (3.23)
* * -1
M, =2PA + PE,E'P + PE,ETP + S,E,ETS, + S, E,ETS; <0
Ms = —28,D + S, E;EYS, + Sy E4ETSy < 0
From (3.21) , we have
V(t,x,) + 2V (t, x,) < ET () MyE(t) + 27 (t) My (t)
+xT(t — h(t))Msz(t — h(t))
V(t, @) + 20V () < ET()M£E(t)
<0
V(t,z) < —2aV(t,z), Vte R (3.24)
From (3.24) , we have
V(t, ) < —2aV(t, )
av
%(t,xt) = —2aV(t, x;) (3.25)

By interesting both systems of (3.25) , we obtain
/t(i)ﬂdt = /t(—Qa)dt
In(V(t))ls = (—2a(t))]o

In(V(t)) — ln(V‘E(gZ)) = —2a(t) — 2a(0)
In W = 2ot
V(t)

—2at

V()
V(t) =V(o)e 2™
SVt w) < V(e ™, Vte RT

From  Apin[lz()]* < V(t,20) < Aaall2(®)]]*
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Mllz(t, @)I* < Vi(wr) < V(g)e ™ < dge™ |||

by e—2at ¢ 2
et )2 < 2¢Ol
1

A2 o t 2
< = @ .
< )\16 o]l
['hen,we have

A
et 0 <\ (G2 ol

A
<[5 gl te R
A

From definition 2.1 , we concludes that the zero equation of system(2) is « -

exponentially stable.
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CHAPTER 4
Numerical Examples

4.1 Numerical Examples

In the sequel, we illustrate the effectiveness of the proposed method which
yields a computationally solution to the exponential stability and robust stability
in the context of LMIs.

Example 4.1 Consider the linear system with interval time-varying delay(2.1),

where

—12.0000  0.0000 D —0.0002  0.004
0.0000  —19.0000 | 0.003  —0.0005

Y

h(t) =0.1+0.4 | sin?t | .

It is worth noting that, the delay function h(¢) is non - differntiable. By
using LMI Toolbox in MATLAB, the LMI (3.1) is feasible with h; = 0.1000, hy =
0.5000, & = 3.0000 and

2.2710 0.0097 0.8546 —0.0011
P = 107, Q= 10713,
0.0097 3.0316 —0.0011  0.7895
2.2638 0.0001 1.1778 0.0001
R— 108, U= ®,
0.0001 2.2525 0.0001 1.1853
—6.6308 0.0158 —1.0084 —0.0005
Sl = ’ 1077 SQ = ’
0.0035 —2.9118 —0.0036 0.0188
—1.2931 0.0020 —0.1460 0.9255
S3 = ) Sy = - 104,
0.0041 —0.6819 2.9367 —0.1563
—2.2921 —0.0018 24.0437 —0.0031
S5 = . ].04, Sﬁ — 9
—0.0066 —1.5879 —0.0031 15.6813
19.7610 —0.0017 6.4856  —0.0009
S’? - ) SS = 1O7a
—0.0017 12.8688 —0.0009  4.2495




Moreover, the solution z(t, ¢) of the system satisfies

lz(t, @)l < 7.2093 - 10~ ¢||, vt € BT .

The trajectory of the solution of system (1) in has been show in Figure 1.

Figure 4.1: The trajectory of the solution of system (1) in Example 4.1 .
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Table 4.1: Maximum allowable upper bounds hy of the time-varying delay for

different values of the lower bounds h;.

Method 0.1 1.0
Zhang et al. (2016) [9] | 4.7000 | 2.2000
Alexandre Seuret [1] | 4.7100 | 2.2400
Hao-Tian Xu et al. [§] | 4.6421 | 2.1630
Liu et al. [5] 4.4700 | 2.3820
Park et al. [6] 4.7800 | 2.4140
Lee et al. [4] 3.6400 | 2.4980
Theorem 3.1 4.8215 | 2.5546

Example 4.2 Consider the uncertain linear system with interval time-

varying delay(2)with time delay function h(t) with h; = 0.1000, hy = 3.1495 and

05 1 -1 0.3
A= ,D == )
-1 -1 0.2 —-0.5
0.04 1 0.04 1
Ha = , = ,

-1 -1 -1 -1

—0.07 0.004 —0.045 0.002

ECL — 7E et
0.005 0.075 0.001  0.04

h(t) = 0.1+ 0.4 |sin®¢ | .

By using LMI Toolbox in MATLAB, the LMI (3.2) of theorem 3.2 are

feasible with @ = 5 and

3.4056 —1.8341 0.1700 —0.0058

p— 107, Q= 10712,
—1.8341 7.1534 ~0.0058 0.1703
2.2195  —0.0545 1.0957 0.0195

R— 108, - 0%,
—0.0545 2.4783 0.0195 0.9966
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_ 0.0903 —1.6926 _ 0.1525 1.3081
S -10 Sy =
0.6436 —0.4598 0.1319 0.6377

Moreover, the solution x(¢, ¢) of the system satisfies
|z (t, )|l < 1.8041-107'2||¢||,Vt € RT .

The trajectory of the solution of system (2) in has been show in Figure 2.

Figure 4.2: The trajectory of the solution of system (2) in Example 4.2 .

32



CHAPTER 5
Conclusions

5.1 Conclusions

In this independent study, new delay-dependent conditions for the ex-
ponential stability of linear systems with non-differentiable interval time-varying
delay have been derived in terms of solutions of LMIs. By introducing a set of
improved Lyapunov-Krasovskii functional and using Free matrix based integral
inequality, the conditions for the exponential stability of the systems have been
established. In the future work,the Free matrix-based integral inequality may be
applied to stability analysis of other systems such as neural network system,fuzzy

system and switched system.
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Abstract

This paper study, we investigate exponential stability problem for a class of linear
and uncertain linear systems with time-varying delay. The time-delay is assumed to be a
continuous function belonging to a given interval, but not necessary to be differentiable.
By introduce a set of augmented Lyapunov-Krasovskii functionals combined with the
Free-matrix-based integral inequality, new delay-dependent sufficient conditions for the
exponential stability of the system is first established in terms of linear matrix inequalities
(LMIs). Numerical examples are given to show the effectiveness of our obtained results.

1 Introduction

Time-delay systems are widely used to model concrete systems in engineering sciences,
such as biology, chemistry, mechanics and so on. So the stability analysis of time-delay systems
strongly requires before experimental stage. As these reason, the stability analysis of time-delay
system have been an attractive study research field during the past years.

The derivative of the Lyapunov functional in order to make it easy to handle. Stability
analysis of linear systems with time-varying delays @ (t) = Az(t) + Dx(t — h(t)) is fundamental
to many practical problems and has received considerable attention. Most of the known results
on this problem are derived assuming only that the time-varying delay h(t) is a continuously
differentiable function, satisfying some boundedness condition on its derivative : h(t) < J < 1 In
delay-dependent stability criteria, the main concern is to enlarge the feasible region of stability
criteria in given time-delay interval. By constructing augmented Lyapunov functionals and
utilizing free weight matrices.

Uncertainty is one of the main features of complex and intelligent decision making sys-
tems. Various approaches, methods and techniques in this field have been developed for several



decades, starting with such concepts and tools as adaptation, stochastic optimization and
statistical decision theory. Another category of approaches is based on the functionals with
prescribed derivative. The idea is to apply the functional, that is appropriate for a nominal
system and does not depend on the uncertainties, for analysis of the uncertain one. Since our
approach belongs to this category, we address the issue in more detail below. One of the crucial
goals of the theory was to construct a functional that admits a quadratic lower bound what
is of paramount importance for robustness analysis in particular. Such functional was derived
in was called the functional of complete type. Its derivative depends on the whole state of
a system, and this functional particularly was applied in analysis of systems with delay un-
certainties, interesting applications of the functional. It is worth mentioning that there exist
other definitions of the complete-type functionals, which are also applied in development of the
topic. All these functionals came from the functional with a simple derivative x (¢)Wz(t) for
which a quadratic lower bound does not exist , here W is a positive definite matrix. There
is a certain problem when we apply this simple functional for analysis of uncertain systems:
its time-derivative along the solutions of a perturbed system is not negative definite, thus the
Krasovskii theorem does not hold.

In this paper, we present a new approach for stability analysis of linear time-invariant sys-
tems with delay uncertainties, either constant or time-varying, that is developed applying Free
matrix based integral inequality. Motivated by the above discretion, we shall desired new cri-
teria for the exponential stability of systems with interval time-varying non-differentiable delay.
By introduction a set of improved Lyapunov functionals combined with the NewtonLeibniz for-
mula, we propose new criteria for the exponential stability of the system. The delay-dependent
stability conditions are formulated in terms of LMIs, being thus solvable by utilizing MATLAB
LMI Control Toolbox available in the literature to date. The approach allows us to apply in
exponential stability of uncertain linear systems with interval time-varying delays.

The independent study is organized as follows: Section 2 presents definitions and some
well-known technical propositions needed for the proof of the main results. Delay-dependent
exponential stability conditions of the system with illustrative numerical examples are show in
Section 4. Section 5 gives the conclusions of the paper.

2 Problem formulation and preliminaries

The following notations will be used in this paper. R* denotes the set of all real non-
negative numbers ; R" denotes the n-dimensional space with the scalar product 27y and the
vector norm || . ||; M™*" denotes the space of all matrices of (nx ) -dimensions ; AT denotes the
transpose of matrix A ; A is symmetric if A = AT; I denotes the identity matrix ; A(A) denotes
the set of all eigenvalues of A ; Ayin /max(A) =min/max {ReX : A € M(A)}; 2y :={z(t+5) : s €
[_h ) O] }7
| 21 ||= supse—n, o {|| z(t+ s) ||};C([0,¢], R™) denotes the set of all R" -valued continuously
differentiable functions on [0, ¢]; Matrix A is called semi-positive definite (A > 0) if (Ax,x) > 0,
for all x € R"; A is positive definite (A > 0) if (Az,z) > 0 for all z # 0; A > B means
A — B > 0; * denotes the symmetric term in a matrix.



Consider a linear system with interval time-varying delay of the form :
i(t) = Az(t) + Dx(t — h(t)), te RT
x(t) = ¢(t),t € [—hs, 0], (1)

where z(t) € R" is the state ; A,D € M™", and ¢(t) € C'([—ha,0], R") is the initial
function with the norm || ¢ ||= sup_p,<t<of{l| ¢(t) ||, ]| #(¢) ||}. The time-varying delay function
h(t) satisfies

0<hi <h(t)<hs,, teR"

Definition 2.1 Given a > 0. The zero solution of system (1) is « -exponentially stable
if there exist a positive number N > 0 such that every solution z(t, ¢) satisfies the following
condition:

| z(t,¢) [|[< Ne || ¢ ||, Vte R*.

We end this section with the following technical well-known propositions, which will be used
in the proof of the main results.

Proposition 2.1 (Cauchy inequality). For any symmetric positive definite matrix
N e M™™ and a,b € R"™ we have

+aTh < a"Na+ b'N~1h.

Proposition 2.2 For any symmetric positive definite matrix M € M™*" scalar v > 0
and vector function w : [0,7] — R™ such that the integrations concerned are well defined, the
following inequality holds

([ [ ) o [ )

Proposition 2.3 Let F, H and F' be any constant matrices of appropriate dimensions and
FTF < I. For any € > 0, we have

EFH + HT'FTET < ¢EET + ¢ 'HTH.

Proposition 2.4 (Schur complement lemma). Given constant matrices X, Y, Z with ap-
propriate dimensions satisfying X = X7, Y = Y7 > 0. Then X + ZTY~'Z < 0, if and only

if
X 77\ _, -Y Z\ _,
7 -y oM\zr x '



Lemma 2.1 (Free matrix based integral inequality [3]).

Let z(r) € R™™ be a continuous function : {x(r)|r € [a,b]}. For symmetric matrices
M,N € R*3" R € R™" matrices x € R¥3" W, Y € R3*" satisfying

M X Y
0= N W[ >0,
x *x R

the following inequality holds :

b —
[ XTRE < € ((0- )M+ TSN + He(Yo, + W)

a

where 01 = [I -1 O] , Po = [—] —I 2]] ,

§= col{x(b),x(a), 7 i - /abx(s)ds} .

3 Main results

The following notations will be used throughout this paper.
Jin = ATP4+PA+2Q—hje M P, —hye=20m2 0, — (S A+ ATST), Jig = —hje 20md, — S, A,
Jig = —hoe=20020, — oA, Jyy = Joy = PD — S,D — SyD, Jis = —hye=22md, — S A,
Jig = —hoe™2M2 W, — Sg A, Ji7 = Jp = —S7A, Jis = Js1 = S1 — Sz 4,
Ty = —hye 200y — Sy A, Jyy = €20 Q — hye 2y — (hy — hy)e 220,
Jas = —(hy — ha)e 22200, — (0.5)(e2% + 2902)Q, Jyy = Juy = — 4D, Jo = —hye~ 20 g,
Jog = Joo = 0, Jog = —(ha — hy)e 220, Jog = Jgo = Sy, J31 = —hoe 220, — S5 A,
Jsp = —(hy — hy)e 22020y — (0.5) (€2 4 e20h2)Q, J3q = Jy3 = —S3D, Ja35 = Js3 = 0,
Jag = —e20M2Q) — hoe 202Uy — (hy — hy)e 20120y, J3g = —hoe 2M2 g,
Ty = —(hy — hi)e22Qg, Jo = Jyy = Sy, Jus = —28,D = —(S,D + D'ST),
Jus = Jsa = —=S5D, Jag = Joa = —S6D, Jaz = Jru = —S7D, Jug = Jsa =S4 — SsD,
J51 = —hie M By — S5 A, Jsp = —hqe 2Py, Jys = —hie My, J56 = Jg5 = 0,
Jsr = Jrs = 0, Jog = Jss = S5, Jor = —hoe 22 W3 — SgA, Jg3 = —hae 22 g,
Joo = —hoe 2" Wy, Jor = Jrg = 0,Jes = S, Jro = —(ho — hy)e 22 Qy,
Jrs = —(hy — hy)e 2" Qg Jrz = —(hy — hy)e "2 Qy, Jrs = Jgr = Sr,
Jss = (hi + h3)R + (ha — h1)?U + Ss + S¢.



Theorem 3.1 Given a > 0. The zero solution of system (1) is « -exponentially stable if
there exist positive matrices P,Q,R,U, positive semi-definite matrices M;;, N;;(i = 1,2,3), any
matrices M;;, N;;(1 = 1,2,3,i # j) and S;(¢ = 1,2, ..,8) such that following LMIs hold :

ijs

M XY
R
[Ji1 Ji Ji3 J14 Jis J16 -S7A —=S) — SSA-
*  Jog Jog —SoD Jas 0 Ja7 Sy
S * J33 —SgD 0 J36 J37 54
- * * * —2S4D —S5D _SﬁD —S7D S4 — SgD
J = x % % Jss 0 0 Ss <0, 3)
% * * * * Js6 0 Se
x % % * * * Jrr St
|+ ox % * * * * Jss ]
My My Mg N1t Nz Ny
where M = | My My Mg, N = [Nay Noy Nog
M3z, Msy Mss N3z N3z Ni3

Proof We introduce the following LyapunovKrasovskii functional for the system (1)

txt ZV;’

where
Vi = 27 (t)Px(t), (3.1.1)
t
Va :/ 25027 (5)Qux(s)ds, (3.1.2)
t—hq
t
V3 :/ =0T (§)Qux(s)ds, (3.1.3)
t—ho
t—h1
Vi= [T Qu(s)s (3.1.4)
-0
Vi = hl/ / 200047 (1) Ri(7)dr ds, (3.1.5)
h1 Jt+s
0 gt
Ve = hg/ e 220D (Y Ri(7)dr ds, (3.1.6)
—hg Jt+s

Vi — (h2—h1)/ /H 0T (7)U(7)dr ds. (3.1.7)

It easy to verify that

M) PS V(o) <X [l |, V20 (3.2)



By taking the derivative of Vi along the solution of system (1), we have
Vi = 22T (t)Pi(t)
=27 (t)[ATP + PA]x(t) + 227 () PDx(t — h(2)) .
Vo = 2T ()Qu(t) — e 20MaT(t — hy)Qu(t — hy) —2aVs .
Vs = 27 (1)Qu(t) — e 20227 (t — hy)Qu(t — hy) —2aV5 .
V, = e~k [mT(t ~R)Qx(t — hy) — 225 T (t — hy)Qu(t — hg)] _ 9e~2ay,

t
Vs = 22T () Ri(t) — hy / e?elt=h) =20t 3T () Rir(s)ds — 2aVs
t—hq

t
< R2ET () Ri(t) — hye2Mm / 7(s)Ri(s)ds — 2aVs
t—hq

By applying Proposition 2.2, Newton-Leibniz formula and Lemma 2.1, we obtain
Vs < B2iT () Ri(t) + ()@ hye2MaT (t) + z(t — hy ) Pyhge 2M 2T (1)
1 t
+o- z(8)ds®rhie M 2 (t) 4+ 2(t) Pohre M aT (t — hy)
1 Jt—h1

1 t
+a(t — h1)®5h16_2°‘h1xT(t —hy) + ™ / x(s)ds®8h16_2“h1$T(t — hy)
1

t—hq

—2ah 1 ' r —2ah 1 ! r
+x(t)Pshie” ™M <h_ / x(s)ds) + z(t — hy)Pghie =" <h_ / x(s)ds)
t—h1 t—h1

1 1

1/ 1 [ T
+-— x(s)dstbghle_%‘hl(—/ x(s)ds) —2aVs ,
h‘l t—h1 hl t—hy

t
Vs = hii™ (t)Ri(t) — hz/ 257 (5)Ri(s)ds — 2aVg
t—ho

t
< h3iT(t)Ra(t) — hoe 2" / 7 (s)Ri(s)ds — 2aVs . From Proposition 2.2, Newton-
t—h
Leibniz formula and Lemma 2.1, we ﬁave

VE; S ]’L%JIT(t)RZE(t) + $(t)\111h2€_2ah2$T<t> + ZE(t — h2>\y4h26_2ah2IT(t)
1 t
+— 2(8)dsUrhoe 22T (1) 4 2(t)Wahoe 2227 (t — hy)
h2 t—ho
1 t
2 (t — ho)Wshoe 22T (t — hy) + h_/ z(s)dsWghoe 22T (t — hy)
2 Jt—ho

2 2

[ I
+I(t)\1[3h2€_2ah2h— / z(s)ds” + x(t — hg)\IJ6h2€_2ah2h— / x(s)ds”
t—ho t—ho

1 [ 1 [
+— x(s)ds\PghgeQQhQ—/ x(s)ds” — 2aVy ,
h2 t—ho h2 t—ho



—h
“/7 = (hg — hl)QZL'T(t)USE(t) — (hg — hl)/ GQQSJL'T(t + S)UQT(t + S)dS — 2@V7

—hs
t—h1

< (hg — %" () Ua(t) — (hg — hy)e?* / T (s)Ui(s)ds — 2aV5 .

t—ho
By using Proposition 2.2, Newton-Leibniz formula and Lemma 2.1, we obtain

‘./7 S (hg - h1)2[ET(t)UI‘(t) + $(t - h1)<h2 - h1)672ah291ZL‘T(t — hl)

1 t—hq
—l—x(t—hg)(hg—hl)e’zahQszT(t—hl)%—h2 — hl / , $(8)d8(h2—h1)6_2ah2Q7$T(t—h1)
t—ho

+.T(t — h1>(h2 — h1)€_2ah292$T(t - hg) + .T(t - hg)(hz — h1)€_2ah295$T(t — hz)

1 t—hq
+ / x(s)ds(hy — hy)e 22 Qga™ (t — hy)
he —h1 Jip,

1 t—h1 T
vt — hy)(h — hl)eﬂahmg( — / m(s)ds)
27— N1 Jt—ho

1 t—h1 T
bt — b (s — e 05 (1 / r(s)ds )
2 7 N1 Jt—ho

1 t—h1 N 1 t—h1 T
ds(he — hy)e2%"2Q) d —2aVs .
+h2—h1 /t_h2 x(s)ds(hy 1)e 9<h2—h1 /t_h2 x(s) 3) aVy

Therefore , we have

V() +2aV(.)
<aT(t) [ATP + PA} x(t) + 22T () PDx(t — h(t)) + 2T Qu(t) — e?emgT (t —hQx(t— hg))

fe2ahi T <t — hQuz(t — h1)> — e2ahag T <t — hoQux(t — h2)> + h%ii‘T(t)Rfdt)

t t
_ye2am / 7 (s)Rir(s)ds + W27 (#) Rir(t) — hoe20M2 / 7 (s)Ri(s)ds
t—h1 t—ha

+(hs — h)2ET (£ Ri(t) — (hy — hy)e20m2 / iT(s)Ri(s)ds

t—ho

< 27 (t) [ATP + PA} 2(t) + 22T () PDa(t — h(t)) + 27 Qx(t)

—e2ehi g T (t —hQx(t— hg)) + e2ahi g T (t —h1Qx(t— h1)> — 2aha o) T (t — heQu(t — h2)>

+R23T () Ri(t) + z(t)Prhie Mt (1) + 2 (t — hy)®yhge M2 (t)
1 t

+o- z(s)ds®rhie Mz () + 2(t)Pohye > M’ (t — hy)
1 Jt—hy

1 t
42 (t — hy)®shie M aT (t — hy) + h_/ z(s)ds®ghie M x T (t — hy)
t—h1

1



+x(t)® he*hhl( / ds)T+:1:t—h ® he2°‘h1<1 /t SC(S)d:s)T
3 1 6701 hl s

1 ! 2ah1 1
+h_1 ( )dstbghle h_
1 t
+o- z(s)dsWUrhoe 22T (t) + x(t)WUahge 2227 (t — hy)
2
1 t
+.T(t - hg)qj5h2€_2ah2 (t - hg) + h_ / (8)d8@8h26_2ah2(l}T(t — hg)
2

+2(t) Ughye 2002 (}112 /t (s)ds)T + 2(t — hy)Ughge 202 <hi2 /tjhz .r(s)ds)T

1 t
Th

+(hy — h1)2:i:T(t)U:i:(t) + 2(t — h1)(hy — hy)e 22t (t — hy)
L1

ha — hy

t T
() dsWohoe~2" ; / p(s)ds) a(t—ha)(ha— hn)e QT (1~ hy)
2

t—h1
/ x(8)ds(hy—hy)e 22 QuaT (t—hy ) +a(t—hy) (ha—h1 ) e 22"2 Qua™ (t—hy)

1
hy — Iy

t—h1
+x(t—hy)(ha—hy)e 22 Qs (t—hy)+ / z(s)ds(hy—hy)e 22 Qex™ (t—hy)

T
Fa(t — h)(he — hy)e 222, ( L hlx(s)ds)

1 t—hq T
vt — hy)(h — hl)e_2“h296( — / m(s)ds)
2 7 N1 Jt—he

1 t—hq ool 1 t—h1 T
+ z(s)ds(hy — hy)e 2202 / z(s)ds 3.3
hz—hl/t_,m (ds(ha = h)e 20 (- [ ateps) (33)

By using the following identity relation
#(t) — Ax(t) — Dx(t — h(t)) = 0,

we have
2T () Sa(t) — 227 (8) S Ax(t) — 227 (£) S, Dx(t — h(t)) =0
227 (t — hy)Soi(t) — 227 (t — hy)SeAx(t) — 22T (t — hy)SeDx(t — h(t)) =0
227 (t — hy)S3a:(t) — 227 (t — hy)S3Ax(t) — 227 (t — hy)S3Dx(t — h(t)) =0
227 (t — h(1))Sai(t) — 227 (t — h(t))SsAw(t) — 227 (t — h(t))SiDx(t — h(t)) =

z(hil /,:h r(s)ds) Syi(1) —2(%1 /tihlx(s)dS>TS5Ax(t)

_2(1 /tthl x(s)ds)ng,Dm(t — h(t)) =0



z(hi2 /t t r(s)ds) Syi(t) —2( - / t r()ds) S, An (1)

—ho 2 Jt—ho
¢ T
—2(i/ x(s)ds) SeDz(t — h(t)) = 0
h2 t—ho

t—ho

2(/1; - /t::lx(s)cts)TSﬂ'(t)—2<h2ih1 /thz x(s)ds)TS7Ax(t)

_2<h2 ! = / o x(s)ds)TS7D:v(t —h(t) = 0.

t—ho
23T (t)Sgar(t)— 247 () Sg Ax(t)—22T (¢)Sg D (t—h(t)) = 0. (3.4)
By adding all the zero items of (3.4) into (3.3) , we obtain

V() +2aV ()
S .’L’T [ATP + PA -+ 2@ — h1€_2ah1q)1 — h2€_2ah2\I’1 — (SlA + ATS?>:| x(t)

+$T(t) |: — h16_2ah1 (134 - S2Ai| I(t - h1)+$T(t) [ - h26_2ah1 ‘114 — SgA] ZE(t — hg)

t
+aT [PD ~$D - S4D]x(t — () +aT () [ ~ e, - 554 1 / 2(s)ds
hl t—hy
1 t 1 t—h1
2T (1) [ — hge 22, 564 — / 2(s)ds+aT (1)[— S5 Al / 2(s)ds
2 t—ho h2 - h‘l t—ho

+ZL’T [Sl - SgA]I<t>+.TT(t - hl) |: - h1€—2ah1 CI)Q - S2Ai| I(t)+$T(t - ]’Ll) [—SQD].I‘(t — h(t))
+$T(t — hl) _2672ah1Q — h1672ah1q)5 — (hg — h1)672ah291} ZE(t — hl)

2Tt — h)| = (hs — hy)e20m2Q, — (0.5)(e2M + emth)} 2(t — hs)

- 1 t
+ZL’T(t — hl) — h16_2ah1q)8] h_ / ZE(S)dS +J]T(t - hl)SQJ](t)
- 1 Jt—h1

_ t—h
2T (t — hy)| — (hy — hl)e_QahQQy} ! / x(s)ds

_ ha —hy Jyo,
42Tt — ho)| — hoe2em2w, — SgA]a:(t)erT(t — hy)[=S3D)x(t — h(t))
42T (t — ho)| = (hy — hy)e 20720 — (0.5)(e22M + emz)Q} o(t — )

+$T(t - hg) _ — 6_2ah2Q — h2€_2ah2qf5 — (hg — h1)€_2ah2Q5:| Q?(t — hg)

- t
o (= ho) [ — hoe~ 2P hi / r(s)ds+a™(t — (1)) [PD — 5,4 — $,D] (1
- 2 Jt—ho



2T (t — hy) [ ~ (hy — hl)e—zahmg}

t—h1
h; - /th 2(8)ds+2T (¢ — ho)[ Sl (¢)

+aT(t— h(t))[~SeD]a(t — hy)+aT(t — h(t))[—Ss D)z (t — hy)

4o (t — h(t))[=2SuD)a(t — h(t))+aT(t — h(t))[—sw]hil /t i 2(s)ds

Tt — h(t))[—S6D]hi2 /t_h o(s)ds-+a (¢~ h(8)[-S: D) ! - /t_h (s)ds

T (t— h(t))[Ss — SSD]ac(m(hi /t . 2(s)ds)T [ e g, — 55A]g;(t)

1 —
t

+(hi1 /tihlx(s)ds)T[—hleQ‘lm(D] (t— ho)+ (hll / (s)ds)T[—Sg,D]x(t—h(t))

hil/;h1 x(s)ds)T [ - hle_%‘hlcbg} (hil /tthl m(s)ds)

hil /tihl :c(S)ds) TS5 (hil /tjhl x(S)ds) +(hi2 /tihQ x(s)ds)T [_h2€,2ah2\1;3_5614} (1)

+iT (1)~ SsA + Si]z(t) + T (8)[Sala(t — hy) + &7 (£)[Ss]a(t — ho)

4T ()[-S3D + Sifa(t — (1) + 8 (O [S:lat — h) + 57 (055 (- /t  a(s)s)

(¢ )56(h2 /tth (s )ds) +:)':T(t)57(h2 i » /t::lx(s)ds>

o /hh aos) [5740)

+iT(t) [(h% + h3)R + (hy — hy)*U + Ss + Sﬂ :b<t>+(

10



= £ (1) JE(1),

where

() = [x(t), x(t — ha),x(t — ha), x(t — h(t)), hi /th x(s)ds, i /th x(s)ds,

1 t—hq
x(s)ds, z(t)].
hz_,w/t_hz (5)ds, &(2)

According to condition (3.1), we obtain

V(t,xy) +2aV (t,z) <0

V(t,z) < —2aV(t,z,), Vte R (3.5)
From (3.5), we have
S Vitx) <Vige ™, Vte R*
From Awin|2(6)[1* < V(¢ @) < Amaxl|2(8)]*

Mllz(t, @)IF < Vi(w) < V(g)e ™ < dpe™ |||

Aae 2|9

ot )] < 2

A2 —2at 2
< = “ .
< e el

Then,we have

A
Joft. o)l <y (G-l

A
< \/Zeg, te R
A

From definition 2.1, we concludes that the zero equation of system(1) is « - exponentially sta-
ble. O

Next , we consider the following uncertain linear systems with interval time-varying delay:

#(t) = [A+ AA@®)]a(t) + [D + AD®)]z(t — h(t)), te€ RY,
2(t) = (t),t € [ha, 0 (3.2)

where the time-varying uncertain matricesAA(t), AD(t)are given by :
AA() = B Fy(t) Hy, AD(t) = EgFy(t)H,

and F,, Ey, H,, H; are known constant matrices with appropriate dimensions, F,, F, are
unknown uncertain matrices satisfying

FI()F(t) < LF{()F.(t) < It € R*.

11



The following notations will be used throughout this paper.

My, = ATP + PA+2Q — hye 2" dy — hye 2220, + H'H, + H' H,,,

My = —hye=2M®, Mys = —hye=20%20, My = Jyy = PD + 0.5+ HTHy — §) A,

Mys = —hie 2" &y My = —hge 22207 My = Jpy = 0,My5 = Jg1 = —ShA,

My = —hje MWy Moy = €2 Q — hye My — (hy — hy)e 2012Q)y

Myg = —(hy — hy)e™?*"2Qy, Moy = Jyp = 0,Mos = —hye™ "1 D5, Mog = Jgo = 0,

M7 = —(hg — hy)e2"2Q7 Mog = Jgo = 0,M3; = —hoe 22Uy My = —(hy — hy)e 2220y,
Msz = —e2"2Q — hge 2" Wy — (hy — hy)e 22 Q5 Msy = Jy3 = 0,M3z5 = J53 = 0,

Msg = —hge 22 Wg Mz = —(hy — hy)e 2*"2Qg, Mas = Jgg = 0,My5 = J54 = 0,

My = —284D = Hj Hy+ Hy Hy + Hyj Hy,Myg = Jos = 0,My7 = Jpy = 0,Mys = Jgy = 51,
Msy = —hye Mg Myy = —hye M ®g Mys = —hie M Oy Msg = Jo5 = 0,Mrs = Jg7 = 0,
Msz = Jrs = 0,Msg = Jg5 = 0,Mg; = —hge 22U Mgz = —hye 2" Wg, Mg = —hge 220y,
Mgr = Jzg = 0,Mgs = 0,Mzy = —(hg — hy)e "2 Qg Myg = —(hy — hy)e*"2Q,

Myr = —(hy — h1)e*"2Qq,Mgg = (hf + h3)R + (hy — h1)?U + Sy + S5 + Hj Hy + Hj Hy.

Theorem 3.2 Given a > 0. The zero solution of the system (2) is a-exponentially stable
if there exist symmetric positive definite matrices P, Q, R, U, and any matrices S;,7 = 1,2 such
that the following LMI hold

(M My Mz My My My Mz Mg
¥ Moy Moz Moy Mas Mg Myy Mg
* *  Msz Msy Mss Msg My Mg
* * * My, Mys Mg Myr Myg
Ml B k k k * M55 M56 M57 M58 < O’ (37)
k k k k M66 M67 M68
* * * * * * My My
| x * * * * * x Mgy
[oPA PE, PE; SE, S.E,
* -1 0 0 0
My=| * x =1 0 0 | <0, (3.8)
* * * -1 0
| * * * —TI
[—25,D S,E; S.E,
Mz = * —1 0 <0, (3.9)
* * -1

12



Proof We consider the following Lyapunov - Krasovskii functional for the system (2)

t$t ZV

By taking the derivative of V; along the solution of system (2) we have

Vi = 22T () Pi(t)
= 2T (1)[PA+AT Pla(t)+2T () [(PE,)(PE,)T + HT H,)w(t)+a" (¢)[PD+ DT Pla(t—h(t))

+2T (t)[(PE4)(PEg)"+HI Hy)(t)x(t—h(t)) (3.10)
’ d ! 20(s— t) T
h-g (5)Qu(s)ds
= 2T ()Qu(t)—e 2MaT (t—hy)Qu(t—hy) —2a Vs, (3.11)
’ d ! 2a(s— t) T
Vi = at o (s)Qx(s)ds
= 2T (t)Qu(t)—e 2M22T (t—hy)Qu(t—hy) —2a Vs , (3.12)
. d t—h1
Vy=— 26021 () Qu(s)ds
dt t—ho
— o 2om [ T(t—hy)Qu(t—hy)—e2h2g T (t—hg)Qx(t—hg)} —2e—2ay), (3.13)
Y d —2at/0 /t 2ot T .
Vs = o (hle - e E (T)RQ;(T)deS)
S h%(L’T(t)R.T(t) + x(t)q)lhle_zahle(t) + l’(t - h1>@4h26_2ah1$T(t)
t
+hi 2(8)ds®rhie M 2T (1) + x(t)Pyhie M 2T (t — hy)
1
t
+a(t — hy)Pshie 2™ 2T (t — hy) + hi / z(s)dsPghie M aT (t — hy)
1
[ [ T
—2ahy . —2ahy [
+z(t)P3hye (h1 / (s)ds) + x(t — hy)Pghye <h1 /th1 m(s)ds)
1 ! —2ahy 1 ! T
+h_1 z(s)dsPohie <h1 / (s)ds) —2aVs , (3.14)

0yt
Vs = hge_zat/ / e* i (1) Ri(7)dT ds
—hgo Jt+s

< hZiT(t)Ri(t) + x(t)Wihge 20201 (1) + 2(t — ho) U ahoe~20M22T (1)
1 t
+h— 2(8)dsUrhye 22T (1) + 2(t)Uahge 2207 (¢ — hy)
2

13



1 t
2 (t — ho)Wshge 22T (t — hy) + h_/ z(s)dsWghoe 22T (t — hy)
2 Jt—ho

I I
F2(t)Wshge 2M2 — / z(s)dsT + x(t — hy)Wghge 2"z — / x(s)ds”
h2 t—ho h2 t—ho
1 [ 1 [
+— x(s)ds\Ifghge2“h2—/ x(s)ds” —2aV (3.15)
h’2 t—ho h2 t—ho

—h1 t
Vi = (hy — hl)/ / e Te 2T (Ui (r)drds
—ho t+s

S (hg — hl)QIT(t)UZE(t) + Jf(t — hl)(hg — h1)672ah291{L‘T(t — hl)
+I(t - h2)<h2 - h1)6_2ah294$T(t — hl)

1 t—hq
+ / x(s)ds(hy — hy)e 22 Q2 (t — hy)
hy — hy Ji_p,

—HL’(t — hl)(hg — h1)6_2ah2QQ$T(t — hz)—i—fﬂ(t — hg)(hg — h1)6_2ah295l‘T(t — hg)

1 t—hq
+ / z(s)ds(hy — hy)e 2*"2Qea™ (t — hy)

h2 - hl t—ho
2ah 1 i T
t — hy)(hy — hy)e 220} d
+( 1)(he — hy)e 3<h2—h1 /t—h2 x(s) s)
Far(t — Do) (hy — e~ (7 /H” (s)ds) "
x 2 2 1)€ 6h2—h1 t_hzxs S
1 t—h1 1 t—hq T
+ x(s)ds(hy — hy)e 2%"2Q) / x(s)ds
|, st = ety (o [ agagas)
—2aV5 . (3.16)
Hence , we that
V() +2aV()

< 2T(t)[PA+ AT Pla(t) + 27 (t)[(PE,)(PE,)" + HT H,]z(t)
+27(t)[PD + DT Plz(t — h(t)) + 2T ())[(PEy)(PE)"+HI Hyx(t — h(t)) + 27 Qx(t)
—e2oh T (t — h1Qz(t — hg)) + e2ahi g T (t — hQx(t — h1)> —e2aha T <t — heyQz(t — h2)>
+h23T () Ri(t) + z(t)Prhie 2MaT () + x(t — hy) Pyhge 22T (1)
1 t

—|—h—1 ) 2(s)ds®rhie M al (1) + x(t)Pyhie 22T (t — hy)
t—hy

1 t
2 (t — hy)Pshie 2™ 2T (t — hy) + h_/ z(s)dsPghie ™Mzl (t — hy)
1 Jt—h

I T 1 [ T
+2(t)P3hie M (h_ / x(s)ds) + 2(t — hy)Pghie 2™ <h_ / x(s)ds)
t—h1 t—h1

1 1

14



1 [ 1 [ T
+— z(s)dsPghye” M (— / x(s)ds)
hl t—h1 hl t—h1

1 t

> 2(8)dsUrhae 22T (1) 4 2(t)Wahoe 2227 (1 — hy)
2 Jt—ho

_|_

1 t
2 (t — ho)Wshoe 220 (t — hy) + —/ z(s)dsWghoe 22T (t — hy)
t—ho

ho
[ T I T
42 (1) Ughge2h2 (— / x(s)ds) + 2(t — hy)Ughye 2h2 (— / x(s)ds)
2 Jt—ho 2 Jt—ho
1/t 1 [ T
+— (5)dsWghge2h2 (— / x(s)ds) +x(t — hy)(hg — hy)e20h2Qu 2T (t — hy)
h‘2 t—ho h‘2 t—ho

+<h2 — hl)QIT(t)UI<t) + ZE(t — h1>(h2 - h1)€_2ah291IT(t — hl)

1 t—hy
+ / x(s)ds(hy — hy)e 22 Q2 (t — hy)
hy — hy Ji_p,

+l’(t — hl)(hg — h1)€_2ah2QQ$T(t — h2)+$(t — hg)(hg — h1)6_2ah295$T(t — hg)

1 t—hq
+ / z(s)ds(hgy — hy)e 2*M2Qea™ (t — hy)
h2 - hl t—ho

—2ah 1 t—h1 T
+£U(t — h1)<h2 — hl)e 293<h— $(8)d8>

o—h1 Jt—ho

1 t—hq T
Fa(t — ho)(hy — hl)e—mmﬁ( — / x(s)ds)
2 t—ho

1 t—hq oerh 1 t—h1 T
— / 2(5)ds(ha — hy)e Qg(hQ_hl / x(s)ds) (3.17)

t—ho t—ho

_|_

By using the following identity relation
(t) — [A — AA@)]z(t) + [D — AD(t)]x(t — h(t)) =0,

we have

=221 (#)S12(t)+227 () S1[A+AA(t)]z(t)+22T S1 [D+AD(t)]x(t—h(t)) = 0 (3.18)

22T (t — h(t))S4a(t) — 22T (t — h(t))Ss[A+ AA)]x(t) — 22T (t — h(t))S4[D + AD(t)]z(t — h(t)) =0
(3.19)

237 (1) Sy () — 227 (£) Ss[A+ A A )]z (t) 27T (¢) Ss [ D+AD(8)|z(t—h(t)) = 0 (3.20)

2
From (3.17),(3.18),(3.19) and (3.20) , we have
V 422V < aT(t)[PA + ATPla(t) + 27 (t)[(PE,)(PE,)” + H H,)xz(t)
+2T(t)[PD+ DT Plz(t—h(t))+2T ()[(PEy)(PE)T+HY Hy)z(t—h(t)) +2TQx(t)

—e2ohi g T <t — Qx(t — hg)) + e2ahigT (t — hQx(t — hl))
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—2ahay T <t — hyQu(t — hg)) + h3aT () Ri(t) + o(t) Prhie 2T ()

1 t
—f-l’(t — h1)¢4h2€72ah11’ ( ) + h_/ (8)d8®7h16_2ah11‘T(t)
1
+a(t)Pohye M 2T (¢ ft p, T(s)dsPshie” 2ahgT(t — Ry)

1 [ T
+a(t — hy)®shie M2 (t — hy) + x(t)P3hie M (h_/ x(s)ds)
1 Jt—h

I 1 [ T
2achy —2ah
+a(t—hy)Pshie” <h1 ft . )ds> +—h1 /t z(s)dsPghye (h1/ x(s)ds)

1 t

+h— 2(8)dsUrhye 22T (1) + 2(t)Uahge 2207 (¢ — hy)
2

1 t
42 (t — hy)Wshoe 2227 (1 — hy) + h_/ z(8)dsUghye 2227 (t — hy)
t—ho

2

1 t T 1 t T
+x(t)\113h26_2ah2 <h_2/ ) x(s)ds) —i—:E(t—hg)\Ifﬁth_zo‘hQ <h_/ ) x(s)ds)
t—ho t—ho

2

I 1 [ T
+— z(8)dsWohye 22 (— / x(s)ds)
h2 t—ho h t—ho

+(h2 — hl)QZET(t)UQZ(t) + $(t — hl)(hg — h1)672ah2Q1£L‘T(t — hl)
—f-l’(t — hg)(hg — h1)672ah2941‘T(t — hl)—l—l’(t — hl)(hg — h1)672ah2QQ£L'T(t — hg)

1 t—hq
+ / z(s)ds(hy — hy)e "2 Q2T (t — hy)
hy — hy Ji_p,

—Hv(t — hQ)(hQ — h1)€_2ah295$T(t — hg)
L1
ha — hy

—2ah t—hy T
vt — h)(he — hy)e 220y ( L x(s)ds)

t—hq
/ x(s)ds(hy — hy)e 22 Qga™ (t — hy)

1 t—h1 T
Fa(t — ho)(he — hy)e 2220 ( — / x(s)ds)
2 — N1 Ji_p,

1 t—h1 L 1 t—h1 T
+ x(8)ds(hy — hy)e 22} / z(s)ds
i st = et (2 [ a(syas)

=227 (1)S12(t) + 22T (¢)S1[A + AA(H)]x(t)+22T S, [D + AD(t)]x(t — h(t))
+22T(t — h(t))Sax(t) — 22T (t — h(t))Sa[A + AA(t)]z(t)
( h(
(

=221 (t —h(£))S4[D+ AD(t)|x(t — h(t))+237 () Ssz(t) — 227 (¢) Ss[A+ AA(t)]x(t)
—2&7(t)Sg[D + AD(t)]x(t — h(t)) .
= ¢ (t)Mi&(t)
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Hence , we have
V(t,x)—2aV (t, ;) < T () ME(t)+2T (t) Moz (t)+aT (t—h(t)) Msz(t—h(t)) (3.21)
By using t_he similaf approach as in Theorem 3.1 with taking S; = P, Sy, = S5 = 55 = Sg =
S;=0,5, = 51,53 =52, we obtain
2PA+ PE,E'P + PE,ETP + PE,EYP + S,E,ETS, + S, E,ETS, < 0
By equivalent , we have

2PA PE, PE; S\E, S:E,

* —I 0 0 0

My=| * x =1 0 0 | <0, (3.22)
* * * -1 0
* * * * -1

—281D + S| E4ETS) + Sy E4ET Sy < 0
By equivalent , we have
—25.D Si\E; S.E,
Ms = * -1 0 | <0, (3.23)
* * —I
My =2PA+ PE,ETP + PE,ETP + S1E,ETS, + SoE,ETSy <0
M3 = —2S1D + glEdEggl -+ SQEdEgSQ <0
From (3.21) , we have

V(t, ) < —2aV(t,xy)
d
d—‘;@,xt) — 2V (t,z,) (3.25)
SVt x) <V(g)e ™, Vte RT
From  Ainl2(t)]1* < V(t,24) < A2 (2)[|?
Aillz(t, 9)[F < V(w) < V(g)e ™ < hoe 0|
Az 92

(e, 0)|* < 22

)‘2 —2at 2
< —= @ .
< e llol

Then,we have

A
et ) <\ (G2l

A
< \[Ze g, te R
A

From definition 2.1 , we concludes that the zero equation of system(2) is « - exponentially
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stable.

4 Numerical Examples

In the sequel, we illustrate the effectiveness of the proposed method which yields a compu-
tationally solution to the exponential stability and robust stability in the context of LMIs.
Example 4.1 Consider the linear system with interval time-varying delay(3.1), where

A —

[ —12.0000
0.0000

0.0000
—19.0000

|

—0.0002
0.003

h(t) =0.1+0.4|sin®t | .

0.004

—0.0005 |’

It is worth noting that, the delay function h(t) is non - differntiable. By using LMI Toolbox
in MATLAB, the LMI (3.1) is feasible with h; = 0.1000, hy = 0.5000, @ = 3.0000 and

p_ [ 22710 0.0007
~ [ 0.0097 3.0316

R 2.2638 0.0001
~ | 0.0001 2.2525

o _ [ —6.6308
"7 0.0035

[ —1.2931

%= 0.0041
[ —2.2021

5 = | —0.0066
o _ [ 19.7610
"~ | —0.0017

0.0158 ]
29118 |

0.0020 |
—0.6819 |

—0.0018 ]
—1.5879 |

—0.0017 |

12.8683 |

oo

oo |

[ —1.0084

107, S, =

) S4:

. 104, SG -

y 58:

0.8546
—0.0011

1.1778 0.0001
0.0001 1.1853

—0.0036

[ —0.1460
| 2.9367

24.0437
—0.0031

[ 6.4856
| —0.0009

—0.0011
0.7895

~0.0005 |
0.0188 |

0.9255 ]
—0.1563 |

—0.0031 |
15.6813 |

—0.0009 |

|10

4.2495 |

Moreover, the solution z(¢, ¢) of the system satisfies

l(t, @)l < 7.2093 - 10~ |¢||, vt € BT .

. 10713,

- 104,

- 107,

The trajectory of the solution of system (1) in has been show in Figure 1.
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Figure 1: The trajectory of the solution of system (1) in Example 4.1 .

Table 1: Maximum allowable upper bounds hs of the time-varying delay for different values of
the lower bounds h; .

Method 0.1 1.0
Zhang ot al. (2016) [9] | 4.7000 | 2.2000
Alexandre Seuret [1] | 4.7100 | 2.2400
Hao-Tian Xu et al. [8] | 4.6421 | 2.1630

Liu et al. [5] 4.4700 | 2.3820
Park et al. [6] 4.7800 | 2.4140
Lee et al. [4] 3.6400 | 2.4980
Theorem 3.1 4.8215 | 2.5546

Example 4.2 Consider the uncertain linear system with interval time-varying delay(2)with
time delay function h(t) with h; = 0.1000, he = 3.1495 and

=[5 o[ 2]

-1 -1 0.2 —0.5
0.04 1 0.04 1
H“_[—1 —1}’Hd_{—1 —1}’
—0.07 0.004 —0.045 0.002
b= { 0.005 0.075 } Bd = [ 0.001  0.04 ] ‘

h(t) =0.1+40.4 | sin®t | .

By using LMI Toolbox in MATLAB, the LMI (3.2) of theorem 3.2 are feasible with o = 5
and

19



P:{ 3.4056 —1.8341

0.1700  —0.0058
107 -
~1.8341  7.1534 } . e {

C10-12
—0.0058 0.1703} 1077,

[ 22195 —0.0545 5 [ 10957 0.0195 s
k= { —0.0545  2.4783 } 105 U= {0.0195 0.9966} 10%
< [ 0.0903 —1.6926 s o _ [01525 1.3081 ] .
1= [0.6436 —0.4598] 105, 5= {0.1319 0.6377] 10%

Moreover, the solution z(, ¢) of the system satisfies

lo(t, 6)]| < 1.8041- 10726, ¥t € R* .

The trajectory of the solution of system (2) in has been show in Figure 2.

Figure 2: The trajectory of the solution of system (2) in Example 4.2 .

5 Conclusion

In this paper, new delay-dependent conditions for the exponential stability of linear systems
with non-differentiable interval time-varying delay have been derived in terms of solutions of
LMIs. By introducing a set of improved Lyapunov-Krasovskii functional and using Free matrix
based integral inequality, the conditions for the exponential stability of the systems have been
established . In the future work,the Free matrix-based integral inequality may be applied to
stability analysis of other systems such as neural network system,fuzzy system and switched
system.
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MATLAB CODE



MATLAB CODE

1. MATLAB CODE for finding solution of examples 1

A=[-12,0;0,-19]; D=[-0.0002,0.004;0.003,-0.0005]1;h1=0.1;h2=0.5;
e=2.71828;b=1;

setlmis([])
P=1mivar (
O=lmivar (

(

(

~e

~e

R=1lmivar

~e

\
[ S S

1
1
1
U=lmivar (1
Sl=1lmivar (
(

(

(

(

(

(

(

~e

S2=1lmivar

S3=1lmivar

S4=1mivar

S5=1mivar

So=1lmivar

S7=1lmivar

S8=1lmivar

Mll=lmivar
M21l=1mivar
M3l=1lmivar
M22=1mivar
M32=1mivar
Ml2=1lmivar
Ml3=1lmivar
M23=1mivar
M33=1mivar
Nll=lmivar
Nl2=1lmivar
Nl13=lmivar
N2l=lmivar
N22=1mivar
N23=1mivar
N3l=lmivar
N32=1mivar
N33=1lmivar
yll=Ilmivar
yl2=Ilmivar
yl3=lmivar
y21l=lmivar
y22=lmivar
y23=1lmivar
y3l=1lmivar
y32=lmivar
y33=lmivar
wll=1lmivar
wl2=1mivar
wl3=1lmivar
w2l=1mivar
w22=1mivar
w23=1mivar
w3l=lmivar

Ne Ne Ne Ne N

~.

\
PR NN NN e e

~
NN NNDNDNNNNDNNDNNDNNDNNODNDNNNNNENNNNDNENNNNNDNERDNDNDDNDNDREDNDNDR S e e e b~

~
~e

N N S NS SN S S SN S S S S SN SN SN ~ N N SN N N NS S S SN NS NS O~ ON
Ne Ne Ne Ne Ne Ne Ne Ne N Ne Ne Ne Ne Ne N e Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne o Ne No

~
~e

N N N~~~ e~~~ N~~~ e~~~ e~~~ e~~~ i~~~ e~~~ e~~~ —~ PP PP DDNDDNDDNDDNS
L b L e L b e b L b L e L b L e b L e b L e L L L L L L L L s~ ~— ~— ~— ~— ~— ~— ~.

N MNDODNDNNDNNDDNNNNDNDNDNNDNDDNDNNNDNDNDNDNNDNDNDNDNDNDNDNNDNDNDNDNDNDNDDNDS
~

e e e — et e e e e e e e e e e e e e e e e e e e e - — — — — N
~

~
~.



w32=1lmivar (2, [2,2]);
w33=lmivar (2, [2,2]);

Imiterm([1 1 1 P],A',1,'s"); % LMI #1: A'*P+P*A
Imiterm([1 1 1 QI,.5*2,1,'s"); % LMI #1: 2*Q (NON SYMMETRIC?)
Imiterm([1 1 1 M11],.5*hl*e”(-2*b*hl)*hl,-1,"'s"); % LMI #1: -hl*e” (-
2*pb*hl) *h1*M11 (NON SYMMETRIC?)

[

Imiterm([1 1 1 N11],.5*hl*e”(-2*b*hl)*(hl1/3),-1,"'s");
hl*e” (-2*b*hl)* (hl1/3)*N11 (NON SYMMETRIC?)

Imiterm([1 1 1 y11],.5*hl*e”(-2*b*hl),-1,'s"); % LMI #1: -hl*e” (-
2*pb*hl) *y1ll (NON SYMMETRIC?)

Imiterm([1 1 1 wll],.5*hl*e”(-2*b*hl),1,'s"); % LMI #1: hl*e” (-
2*pb*hl)*wll (NON SYMMETRIC?)

Imiterm([1 1 1 M11l],.5*h2*e”(-2*b*h2)*h2,-1,"'s"); % LMI #1: -h2*e” (-
2*b*h2)*h2*M11 (NON SYMMETRIC?)

Imiterm([1 1 1 N11],.5*h2*e”(-2*b*h2)*(h2/3),-1,'s");
-h2*e” (-2*b*h2)* (h2/3) *N11 (NON SYMMETRIC?)
Imiterm([1 1 1 yl1l1],.5*h2*e”(-2*b*h2),-1,"s"); % LMI #1: -h2*e” (-
2*pb*h2)*yll (NON SYMMETRIC?)

Imiterm([1 1 1 wll],.5*h2*e”(-2*b*h2),1,'s"); % LMI #1: h2*%e” (-
2*b*h2)*wll (NON SYMMETRIC?)

Imiterm([1 1 1 S11,1,-A,'s"); % LMI #1: -S1*A-A'*S1'

Imiterm([1l 2 1 M12],hl*e”(-2*b*hl)*hl,-1); % LMI #1: -hl*e” (-
2*pb*hl) *h1*M12

Imiterm([1 2 1 N12],hl*e”(-2*b*hl)*(hl1/3),-1); % LMI #1: —-hl*e” (-

o°

LMI #1: -

o

LMI #1:

2*p*hl)* (hl/3)*N12

Imiterm([1 2 1 yl1l1],hl*e”(-2*b*hl),1); % LMI #1: hl*e” (-2*b*hl)*yll
Imiterm([1 2 1 wll],hl*e”(-2*b*hl),1); % LMI #1: hl*e” (-2*b*hl)*wll
Imiterm([1 2 1 S2]1,1,-A); % LMI #1: -S2*A

lmiterm ([l 2 1 -M21],hl*e”(-2*b*hl)*hl,-1); % LMI #1: -hl*e” (-
2%p*h1l) *h1*M21"

Imiterm ([l 2 1 -N21],hl*e” (-2*b*hl)* (h1/3),-1); % LMI #1: -hl*e” (-
2%p*h1) * (h1/3) *N21"'

lmiterm([1 2 1 -y21],hl*e”(-2*b*hl),-1); % LMI #1: -hl*e” (-

2%pb*hl) *y21"

Imiterm ([l 2 1 -w21],hl*e”(-2%b*hl),1); % LMI #1: hl*e” (-2%b*hl)*w21"
lmiterm ([l 2 2 Q],.5%e”~(2*b*hl),1,'s"'); % LMI #1: e” (2*b*hl)*Q (NON
SYMMETRIC?)

Imiterm ([l 2 2 M22],.5*hl*e” (-2*b*hl)*hl,-1,'s"); % LMI #1: -hl*e” (-
2*p*h1l) *h1*M22 (NON SYMMETRIC?)

Imiterm ([l 2 2 N22],.5*hl*e” (-2*b*hl)*(h1/3),-1,'s"'); % LMI #1: -
hl*e” (-2*b*h1)* (h1/3)*N22 (NON SYMMETRIC?)

X

X

Imiterm([1 2 2 y21],.5*0.5*hl*e” (-2*b*hl),-1,"'s"); % LMI #1: -
0.5*hl*e” (-2*b*hl) *y21 (NON SYMMETRIC?)

Imiterm([1 2 2 -y21],.5*%0.5*%hl*e” (-2*b*hl),-1,"'s"); % LMI #1: -
0.5*hl*e” (-2*b*hl) *y21' (NON SYMMETRIC?)

Imiterm([1 2 2 w21],.5*0.5*hl*e” (-2*b*hl),1,'s"); % LMI #1:
0.5*hl*e” (-2*b*hl) *w21 (NON SYMMETRIC?)

Imiterm([1 2 2 -w21],.5*0.5*hl*e” (-2*b*hl),1,"'s"); % LMI #1:
0.5*hl*e” (-2*b*hl) *w21' (NON SYMMETRIC?)

Imiterm([1 2 2 M11],.5%h2*e” (-2*b*h2)*h2,-1,"'s"); % LMI #1: -
h2*xe” (-2*b*h2) *h2*M11 (NON SYMMETRIC?)

Imiterm([1 2 2 M11],.5*h2*e” (-2*b*h2)*hl,1,'s"); % LMI #1: h2%e” (-
2*pb*h2) *h1*M11 (NON SYMMETRIC?)

Imiterm ([l 2 2 N11],.5*h2*e” (-2*b*h2)* (h2/3),-1,"'s"); % LMI #1: -

h2*e” (-2*b*h2) * (h2/3) *N11 (NON SYMMETRIC?)
Imiterm([1 2 2 N11],.5*h2*e”(-2*b*h2)*(hl1/3),1,"'s"); % LMI #1:



h2*e” (-2*b*h2) * (h1/3) *N11 (NON SYMMETRIC?)
Imiterm ([l 2 2 yl1l],.5*h2*e”(-2*b*h2),-1,"'s");
2*pb*h2) *y1l1l (NON SYMMETRIC?)

Imiterm([1l 2 2 wll],.5*h2*e”(-2*b*h2),1,'s");
2*b*h2) *wll (NON SYMMETRIC?)

Imiterm([1 2 2 M11],.5*hl*e” (-2*b*h2)*h2,-1,"'s");

hl*e” (-2*b*h2)*h2*M11 (NON SYMMETRIC?)
Imiterm([1 2 2 M11], .5*hl*e” (-2*b*h2)*hl,1,'s");
2*pb*h2)*hl1*M11 (NON SYMMETRIC?)

Imiterm([1 2 2 N11],.5*hl*e” (-2*b*h2)* (h2/3),-1,
hl*e” (-2*b*h2) * (h2/3) *N11 (NON SYMMETRIC?)
Imiterm([1 2 2 N11],.5*hl*e”(-2*b*h2)* (h1/3),1,"
hl*e” (-2*b*h2) * (h1/3) *N11 (NON SYMMETRIC?)
Imiterm([1 2 2 y11],.5*hl*e”(-2*b*h2),-1,"'s");
2*pb*h2)*y1ll (NON SYMMETRIC?)

Imiterm([1 2 2 wll],.5*hl*e”(-2*b*h2),1,'s");
2*pb*h2) *wll (NON SYMMETRIC?)

Imiterm([1 3 1 M12],h2*e”(-2*b*h2)*h2,-1);
2*pb*h2) *h2*M12

Imiterm([1 3 1 N12],h2*e”(-2*b*h2)* (h1/3),-1);
2*pb*h2)* (hl/3) *N12

Imiterm([1 3 1 yl1],h2*e”(-2*b*h2),1);

2*b*h2) *y1l1l

Imiterm([1 3 1 wll],h2*e”(-2*b*h2),1);

2*b*h2) *wll

Imiterm([1 3 1 S3],1,-A7);

Imiterm([1 3 1 -M21],h2*e” (-2*b*h2)*h2,-1);
2*b*h2) *h2*M21"'

Imiterm([1 3 1 -N21],h2*e”(-2*b*h2)* (h1/3),-1);
2*pb*h2)* (h1/3) *N21"'

Imiterm([1 3 1 -y21],h2*e”(-2*b*h2),1);
2*p*h2) *y21"'

Imiterm([1 3 1 -w2l],h2*e”(-2*b*h2),1);
2*b*h2) *w21"'

Imiterm([1 3 2 M12],h2*e” (-2*b*h2)*h2,-1);
2*pb*h2) *h2*M12

Imiterm([1 3 2 M12],h2*e” (-2*b*h2)*hl,1);
2*b*h2) *h1*M12

Imiterm([1 3 2 N12],h2*e”(-2*b*h2)* (h2/3),-1);
2*pb*h2) * (h2/3) *N12

Imiterm([1 3 2 N12],h2*e”(-2*b*h2)*(h1/3),1);
2*pb*h2)* (hl/3)*N12

Imiterm([1 3 2 yll],h2*e”(-2*b*h2),1);

2*pb*h2) *yll

Imiterm([1 3 2 wll],h2*e”(-2*b*h2),1);

2*b*h2) *wll

Imiterm([1 3 2 M11],hl*e”(-2*b*h2)*h2,-1);
2*pb*h2) *h2*M11

Imiterm([1 3 2 M11],hl*e”(-2*b*h2)*hl,-1);
2*b*h2) *h1*M11

Imiterm([1 3 2 N12],hl*e”(-2*b*h2)*(h2/3),1);
2*pb*h2) * (h2/3) *N12

Imiterm([1 3 2 N12],hl*e”(-2*b*h2)* (h1/3),-1);
2*p*h2)* (hl/3) *N12

Imiterm([1 3 2 y11],hl*e”(-2*b*h2),-1);
2*pb*h2) *yl1l

Imiterm([1 3 2 wll],hl*e”(-2*b*h2),-1);
2*b*h2) *wll

r

o©

o

o°

o°

o©

o\°

oe

o\°

oe

oe

o\°

oe

o\°

o\

oe

o

°

LMI #1: -h2*e” (-

$ LMI #1: h2*e” (-

% LMI #1: -

LMI #1: hl*e” (-

% LMI #1: -

% LMI #1:

ILMI #1: -hl*e” (-

$ LMI #1: hlxe” (-

LMI

o)

°

LMI

LMI

LMI
LMI

LMI

LMI

LMI

LMI

%

#1:

LMI

#1:

#1:

#1:
#1:

LMI

#1:

#1:

#1:

#1:

LMI

—h2*e” (-
#1l: -h2*%e” (-
h2*xe” (-
h2*e” (-

-S3*A
—h2%e~ (-

#1l: -h2*%e” (-
h2*e” (-
h2*xe” (-
—h2*e” (-
h2*xe” (-

#1: -h2*e” (-

% LMI #1: h2*e” (-

LMI

LMI

LMI

LMI

#1:

#1:

#1:

#1:

h2*xe” (-

h2*e” (-

_hl*e/\ (_

_hl*e/\ (_

% LMI #1: hl*e” (-

Q

°

LMI

LMI

#1:

#1:

LMI #1: -hl*e” (-

_hl*e/\ (_

-hl*e” (_



o°

Imiterm([1 3 2 -M12],h2*e”(-2*b*h2)*hl,-1);
2*p*h2) *h1*M12"'
Imiterm([1 3 2 -M21],h2*e” (-2*b*h2)*hl,1);
2*p*h2) *h1*M21"'

ILMI #1: -h2*e” (-

oo

LMI #1: h2%e” (-

Imiterm([1 3 2 -N21],h2*e”(-2*b*h2)* (h2/3),-1); % LMI #1: -h2*e” (-
2*b*h2)* (h2/3) *N21"

Imiterm([1 3 2 -N21],h2*e”(-2*b*h2)*(h1/3),1):; % LMI #1: h2*e” (-
2*b*h2)* (hl1/3) *N21"'

Imiterm([1 3 2 -y21],h2*e”(-2*b*h2),-1); % LMI #1: -h2*e” (-
2*pb*h2) *y21"

Imiterm([1 3 2 -w21l],h2*e”(-2*b*h2),1); s LMI #1: h2*e” (-

2*b*h2) *w21"'

Imiterm([1 3 2 -M21],hl*e” (-2*b*h2)*h2,-1);
2*pb*h2) *h2*M21"'

Imiterm([1 3 2 -M21],hl*e”(-2*b*h2)*hl,1);
2*pb*h2) *h1*M21"

Imiterm([1 3 2 -N21],hl*e”(-2*b*h2)* (h2/3),-1);
2*pb*h2)* (h2/3) *N21"'

Imiterm([1 3 2 -N21],h2*e”(-2*b*h2)* (h1/3),1); % LMI #1: h2*e” (-
2*pb*h2)* (h1/3) *N21"'

Imiterm([1 3 2 -y21],hl*e”(-2*b*h2),-1);
2*b*h2) *y21"

Imiterm([1 3 2 -w2l],hl*e”(-2*b*h2),1);
2*b*h2) *w21"'

oo

LMI #1: -hl*e” (-

o

LMI #1: hl*e” (-

o

LMI #1: -hl*e” (-

o

ILMI #1: -hl*e” (-

o

LMI #1: hl*e” (-

Imiterm([1 3 2 Q],0.5*e”(2*b*hl),-1); % LMI #1: -
0.5*%e” (2*b*hl) *Q
Imiterm([1 3 2 Q],0.5%e”(2*b*h2),-1); % LMI #1: -

0.5%e” (2*b*h2) *Q
Ilmiterm([1 3 3 Q],.5%e”(-2*b*h2),-1,'s");
2*%b*h2) *Q (NON SYMMETRIC?)

Imiterm ([l 3 3 M22],.5*h2%e” (-2*b*h2)*h2,-1,'s"); S IMI #1: -
h2*e” (-2*b*h2) *h2*M22 (NON SYMMETRIC?)

Imiterm([1 3 3 N22],.5*h2%e” (-2*b*h2)* (h2/3),-1,"'s"); S IMI #1: -
h2*e” (-2*b*h2) * (h2/3) *N22 (NON SYMMETRIC?)

Imiterm([1 3 3 y21],.5*h2*e” (-2*b*h2),1,'s"); $ LMI #1: h2*e” (-
2*p*h2) *y21 (NON SYMMETRIC?)

Imiterm([1 3 3 w2l],.5*h2%e” (-2*b*h2),1,'s"); % LMI #1: h2*e” (-
2*p*h2) *w21 (NON SYMMETRIC?)

Ilmiterm ([l 3 3 M22],.5*h2%e” (-2*b*h2)*h2,-1,'s");
h2*e” (-2*b*h2) *h2*M22 (NON SYMMETRIC?)

Imiterm([1 3 3 M22],.5*h2%e” (-2*b*h2)*hl,1,'s"); S LMI #1: h2*e” (-
2*p*h2) *h1*M22 (NON SYMMETRIC?)

Imiterm([1 3 3 N22],.5*h2%e” (-2*b*h2)* (h2/3),-1,'s"); % IMI #1: -
h2*e” (-2*b*h2) * (h2/3) *N22 (NON SYMMETRIC?)

Imiterm([1 3 3 N22],.5*h2%e” (-2*b*h2)* (h1/3),1,'s"'); S IMI #1:
h2*e” (-2*b*h2) * (h1/3) *N22 (NON SYMMETRIC?)

lmiterm([1 3 3 -y21],.5*h2%e” (-2*b*h2),1,'s"); % LMI #1: h2*e” (-
2%b*h2) *y21' (NON SYMMETRIC?)

Imiterm([1 3 3 -w2l],.5%*h2%e” (-2*b*h2),1,'s"); S LMI #1: h2*e” (-
2%p*h2) *w21' (NON SYMMETRIC?)

Imiterm([1 3 3 M22],.5*hl*e” (-2*b*h2)*h2,1,'s"); $ LMI #1: hl*e” (-
2*pb*h2) *h2*M22 (NON SYMMETRIC?)

Imiterm([1 3 3 M22],.5*hl*e” (-2*b*h2)*hl,-1,'s"); % ILMI #1: -
hl*e” (-2*b*h2) *h1*M22 (NON SYMMETRIC?)

lmiterm([1 3 3 N22],.5*hl*e” (-2*b*h2)* (h2/3),1,'s"); % LMI #1:
hl*e” (-2*b*h2) * (h2/3) *N22 (NON SYMMETRIC?)

Imiterm([1 3 3 N22],.5*hl*e” (-2*b*h2)* (h1/3),-1,'s"); % ILMI #1: -
hl*e” (-2*b*h2) * (h1/3) *N22 (NON SYMMETRIC?)

o

IMI #1: -e” (-

o\°

LMI #1: -



Imiterm([1 3 3 y21],.5*%0.5*hl*e” (-2*b*h2),-1,"'s"); $ LMI #1: -
0.5*hl*e” (-2*b*h2) *y21 (NON SYMMETRIC?)

Imiterm([1 3 3 -y21]1,.5*0.5*hl*e” (-2*b*h2),-1,"'s"); % LMI #1: -
0.5*hl*e” (-2*b*h2) *y21' (NON SYMMETRIC?)
Imiterm([1 3 3 w2l1],.5*0.5*hl*e” (-2*b*h2),-1,"'s"); S LMI #1: -

0.5*hl*e” (-2*b*h2)*w21 (NON SYMMETRIC?)
Imiterm([1 3 3 -w21],.5*0.5*hl*e” (-2*b*h2),-1,"'s");
0.5*hl*e” (-2*b*h2) *w21"' (NON SYMMETRIC?)

oo

LMI #1: -

Imiterm([1 4 1 P],0.5*D',1); % LMI #1: 0.5*D'*P
Imiterm([1 4 1 P],0.5,D); % LMI #1: 0.5*P*D
Imiterm([1 4 1 -S1],D',-1); % LMI #1: -D'*S1'
Imiterm([1 4 1 S4]1,1,-A); % LMI #1: -S4*A
Imiterm([1 4 2 -S2],D',-1); % LMI #1: -D'*S2'
Imiterm([1 4 3 -S3],D',-1); % LMI #1: -D'*S3'
Imiterm([1 4 4 S4]1,1,-D,'s"); % LMI #1: -S4*D-D'*S4'
Imiterm([1 5 1 M13],hl*e”(-2*b*hl)*hl,-1); % LMI #1: -hl*e” (-
2*b*hl) *h1*M13

Imiterm([1 5 1 N13],hl*e”(-2*b*hl)*(hl1/3),-1); % LMI #1: —-hl*e” (-
2*pb*hl)* (hl/3)*N13

Imiterm([1 5 1 wll],hl*e”(-2*b*hl)*2,-1); % LMI #1: -hl*e” (-
2*b*hl) *2*wll

Imiterm([1 5 1 S5]1,1,-A); % LMI #1: -S5*A
Imiterm([1 5 1 -M31],hl*e”(-2*b*hl)*hl,-1); % LMI #1: -hl*e” (-
2*b*hl) *h1*M31"

Imiterm([1 5 1 -N31],hl*e”(-2*b*hl)* (h1/3),-1); % LMI #1: -hl*e” (-
2*pb*hl)* (h1/3)*N31"

Imiterm ([l 5 1 -y31],hl*e” (-2*b*hl),-1);
2%p*hl) *y31"

Ilmiterm([1 5 1 -w31l],hl*e” (-2*b*hl),1); % LMI #1: hl*e” (-
2*%b*h1l) *w31"'

Ilmiterm([1 5 2 M23],hl*e” (-2*b*hl)*hl,-1);
2*p*h1l) *h1*M23

Imiterm([1 5 2 N23],hl*e” (-2*b*hl)* (h1/3),-1);
2*%b*h1)* (h1/3) *N23

Imiterm([1 5 2 w2l],hl*e” (-2*b*hl)*2,-1);
2%p*hl) *2%w21

lmiterm ([l 5 2 -M32],hl*e” (-2*b*hl)*hl,-1);
2%p*h1l) *h1*M32"

Imiterm([1 5 2 -N32],hl*e” (-2*b*hl)* (h1/3),-1);
2*%b*h1)* (h1/3) *N32"

Imiterm([1 5 2 -y31],hl*e”(-2*b*hl),1);

2%pb*hl) *y31'

Imiterm ([l 5 2 -w31],hl*e” (-2*b*hl),1);

2*%pb*h1) *w31"'

o©

LMI #1: -hl*e” (-

o\°

ILMI #1: -hl*e” (-

oe

LMI #1: -hl*e” (-

o\°

ILMI #1: -hl*e” (-

oe

ILMI #1: -hl*e” (-

o\°

ILMI #1: -hl*e” (-

o\°

LMI #1: hl*e” (-

oe

LMI #1: hl*e” (-

Imiterm([1 5 3 0],0); % LMI #1: O
lmiterm([1 5 4 S5],1,-D); $ ILMI #1: -S5%D
Imiterm([1 5 5 M33],.5*hl*e” (-2*b*hl)*hl,-1,"'s"); % LMI #1: -
hl*e” (-2*b*hl)*h1*M33 (NON SYMMETRIC?)

Imiterm([1 5 5 N33],.5*hl*e” (-2*b*hl)* (hl/3),-1,"'s"); $ LMI #1: -
hl*e” (=2*b*hl)* (hl/3)*N33 (NON SYMMETRIC?)

Imiterm([1 5 5 w31],.5*hl*e”(-2*b*hl),-1,"'s"); % LMI #1: -hl*e” (-
2*pb*hl) *w31 (NON SYMMETRIC?)

Imiterm([1 5 5 -w31], .5*hl*e” (-2*b*hl),-1,"'s"); $ LMI #1: -hl*e” (-
2*b*hl) *w31l' (NON SYMMETRIC?)

Imiterm([1 6 1 M13],h2*e” (-2*b*h2)*h2,-1); % LMI #1: -h2*e” (-
2*pb*h2) *h2*M13

Imiterm([1 6 1 N13],h2*e”(-2*b*h2)* (h2/3),-1); $ LMI #1: -h2*e” (-

2*pb*h2)* (h2/3)*N13



o°

Imiterm([1 6 1 wll],h2*e”(-2*b*h2)*2,-1);
2*b*h2) *2*wll
Imiterm([1 6 1 S61],
Imiterm([1 6 1 -M31
2*b*h2) *h2*M31"
Imiterm([1 6 1 -N31],h2*e”(-2*b*h2)* (h2/3),-1); % LMI #1: -h2*e” (-
2*b*h2)* (h2/3) *N31"'

Imiterm ([l 6 1 -y31],h2*e”(-2*b*h2),-1);
2*p*h2) *y31"'

Imiterm([1 6 1 -w31l],h2*e”(-2*b*h2),1);
2*b*h2) *w31"'

Imiterm([1 6 2 0],0);

Imiterm([1 6 3 M23],h2*e” (-2*b*h2)*h2,-1);
2*b*h2) *h2*M23

Imiterm([1 6 3 N23],h2*e”(-2*b*h2)* (h2/3),-1); % LMI #1: -h2*e” (-
2*b*h2)* (h2/3) *N23

Imiterm([1 6 3 wll],h2*e” (-2*b*h2)*2,-1);
2*b*h2) *2*wll

LMI #1: -h2*e” (-

oo

LMI #1: -S6*A

1,-3);
] 2 IMI #1: -h2*e” (-

;h2*e” (-2*b*h2)*h2,-1);

o°

oo

LMI #1: -h2*e” (-

o

LMI #1: h2*e” (-

oo

LMI #1: O
LMI #1: -h2*e” (-

oo

o

LMI #1: -h2*e” (-

Imiterm([1 6 3 -M32],h2*e”(-2*b*h2)*h2,-1); $ LMI #1: -h2*e” (-
2*p*h2) *h2*M32"'
Imiterm ([l 6 3 -N32],h2*e” (-2*b*h2)* (h2/3),-1); $ LMI #1: -h2*e” (-

2*b*h2)* (h2/3) *N32"'

Imiterm ([l 6 3 -y31],h2*e”(-2*b*h2),1);
2*pb*h2) *y31"

Imiterm([1 6 3 w31l],h2*e” (-2*b*h2),1);
2*b*h2) *w31l

o

LMI #1: h2*e” (-

o

LMI #1: h2*e” (-

Imiterm([1 6 4 S6],1,-D); $ LMI #1: -S6*D
Imiterm([1 6 5 0],0); $ LMI #1: O
Imiterm([1 6 6 M33], .5*h2*e” (-2*b*h2)*h2,-1,"'s"); % LMI #1: -
h2*e” (-2*b*h2) *h2*M33 (NON SYMMETRIC?)

Imiterm([1 6 6 N33],.5*h2*e”(-2*b*h2)* (h2/3),-1,"'s"); % LMI #1: -
h2*e” (-2*b*h2) * (h2/3) *N33 (NON SYMMETRIC?)

Imiterm([1 6 6 w31l],.5*h2*e”(-2*b*h2),-1,"'s"); $ LMI #1: -h2*e” (-

2*%b*h2) *w31l (NON SYMMETRIC?)

Imiterm ([l 6 6 -w31l],.5*h2%e” (-2*b*h2),-1,"'s");
2*%b*h2) *w31l' (NON SYMMETRIC?)

lmiterm ([l 7 1 S71,1,-A);

Ilmiterm([1 7 2 M13],h2%e”(-2*b*h2)*h2,-1);
2%p*h2) *h2*M13

Imiterm([1 7 2 M13],h2%e” (-2*b*h2)*hl,1);
2%p*h2) *h1*M13

o\°

LMI #1: -h2*e” (-

oe

LMI #1: -S7*A
LMI #1: -h2*e” (-

oe

o\°

LMI #1: h2*e” (-

Imiterm ([l 7 2 N13],h2*e” (-2*b*h2)* (h2/3),-1); % LMI #1: -h2*e” (-
2*pb*h2)* (h2/3)*N13
Imiterm([1 7 2 N13],h2*e”(-2*b*h2)* (h1/3),1); % LMI #1: h2*e” (-

2*%b*h2) * (h1/3) *N13

Imiterm([1 7 2 wll],h2%e” (-2*b*h2)*2,-1);
2*p*h2) *2%wll

Imiterm([1 7 2 M13],hl*e”(-2*b*h2)*h2,1);
2%p*h2) *h2*M13

Imiterm([1 7 2 M13],hl*e”(-2*b*h2),-1);
2*%b*h2) *M13

o\°

ILMI #1: -h2*e” (-

oe

LMI #1: hl*e” (-

o\°

ILMI #1: -hl*e” (-

Imiterm([1 7 2 N13],hl*e”(-2*b*h2)* (h2/3),1); % LMI #1: hl*e” (-
2*pb*h2)* (h2/3)*N13
Imiterm([1 7 2 N13],hl*e” (-2*b*h2)* (h1/3),-1); % LMI #1: -hl*e” (-

2*p*h2)* (h1/3) *N13

Imiterm([1 7 2 wll],hl*e”(-2*b*h2)*2,1);
2*p*h2) *2*wll

Imiterm([1 7 2 -M31],h2*e” (-2*b*h2)*h2,-1);

o\

LMI #1: hl*e” (-

oe

ILMI #1: -h2*e” (-



2*p*h2) *h2*M31"'

Imiterm([1 7 2 -M31],h2*e”(-2*b*h2)*hl,1); % LMI #1: h2*e” (-
2*b*h2) *h1*M31"

Imiterm([1 7 2 -N31],h2*e”(-2*b*h2)* (h2/3),-1); % LMI #1: -h2*e” (-
2*b*h2)* (h2/3) *N31"'

Imiterm([1 7 2 -N31],h2*e”(-2*b*h2)*(h1/3),1); s LMI #1: h2*e” (-
2*b*h2)* (h1/3) *N31"'

Imiterm ([l 7 2 -y31],h2*e”(-2*b*h2),-1); % LMI #1: -h2*e” (-
2*pb*h2) *y31"

Imiterm([1 7 2 -w31l],h2*e”(-2*b*h2),1); s LMI #1: h2*e” (-
2*b*h2) *w31l"'

Imiterm([1 7 2 -M31],hl*e”(-2*b*h2)*h2,1); % LMI #1: hl*e” (-
2*b*h2) *h2*M31"

Imiterm([1 7 2 -M31],hl*e”(-2*b*h2),-1); % LMI #1: -hl*e” (-
2*pb*h2) *M31"'

Imiterm([1 7 2 -N31],hl*e”(-2*b*h2)*(h2/3),1); s LMI #1: hl*e” (-
2*b*h2)* (h2/3) *N31"'

Imiterm([1 7 2 -N31],hl*e”(-2*b*h2)*(hl1/3),-1); $ LMI #1: -hl*e” (-
2*b*h2)* (h1/3) *N31"'

Imiterm([1 7 2 -y31],hl*e”(-2*b*h2),1); s LMI #1: hl*e” (-
2*pb*h2) *y31"

Imiterm([1 7 2 -w31l],hl*e”(-2*b*h2),-1); $ LMI #1: -hl*e” (-
2*b*h2) *w31"'

Imiterm([1 7 3 M23],h2*e” (-2*b*h2)*h2,-1); % LMI #1: -h2*e” (-
2*pb*h2) *h2*M23

Imiterm([1 7 3 M23],h2*e” (-2*b*h2)*hl,1); s LMI #1: h2*e” (-
2*b*h2) *h1*M23

Imiterm([1 7 3 N23],h2*e”(-2*b*h2)*(h2/3),-1); $ LMI #1: -h2*e” (-
2*b*h2)* (h2/3) *N23

Imiterm([1 7 3 N23],h2*e”(-2*b*h2)*(hl1/3),1); s LMI #1: h2*e” (-

2*pb*h2)* (h1/3)*N23

Imiterm([1 7 3 w2l],h2%e”(-2*b*h2)*2,-1);
2*p*h2) *2*w21l

Imiterm([1 7 3 M23],hl*e”(-2*b*h2)*h2,1);
2*p*h2) *h2*M23

Imiterm([1 7 3 M23],hl*e”(-2*b*h2)*hl,-1);
2*p*h2) *h1*M23

oe

LMI #1: -h2*e” (-

o\°

LMI #1: hl*e” (-

o\°

ILMI #1: -hl*e” (-

Imiterm([1 7 3 N23],hl*e”(-2*b*h2)* (h2/3),1); % LMI #1: hl*e” (-
2*pb*h2)* (h2/3) *N23
Imiterm([1 7 3 N23],hl*e”(-2*b*h2)* (hl1/3),-1); % LMI #1: -hl*e” (-

2*pb*h2)* (h1/3)*N23

Imiterm([1 7 3 w2l],hl*e”(-2*b*h2)*2,1);
2*p*h2) *2*w21

Imiterm([1 7 3 -M32],h2*e”(-2*b*h2)*h2,-1);
2*p*h2) *h2*M32"'

Imiterm([1 7 3 -M32],h2*e”(-2*b*h2)*hl,1);
2*p*h2) *h1*M32"'

oe

LMI #1: hl*e” (-

o\°

LMI #1: -h2*e” (-

o\°

LMI #1: h2*e” (-

Imiterm([1 7 3 -N32],h2%*e”(-2*b*h2)* (h2/3),-1); % LMI #1: -h2*e” (-
2*pb*h2)* (h2/3) *N32"'

Imiterm([1 7 3 -N32],h2*e”(-2*b*h2)*(hl1l/3),1); % LMI #1: h2*%e” (-
2*pb*h2)* (h1/3) *N32"'

oe

Imiterm([1 7 3 -y31],h2%e” (-2*b*h2),1);
2%b*h2) *y31"

Imiterm([1 7 3 -w31],h2%e” (-2*b*h2),1);
2%p*h2) *w31"

Imiterm([1 7 3 -M32],hl*e” (-2*b*h2)*h2,1);
2%b*h2) *h2*M32"

Imiterm([1 7 3 -M32],hl*e” (-2*b*h2)*hl,-1);

LMI #1: h2*e” (-

o\°

IMI #1: h2*e” (-

o\

LMI #1: hl*e” (-

oe

LMI #1: -hl*e” (-



2*p*h2) *h1*M32"'
Imiterm([1 7 3 -N32],hl*e”(-2*b*h2)*(h2/3),1);

2*pb*h2)* (h2/3) *N32"'
Imiterm ([l 7 3 -N32],hl*e”(-2*b*h2)* (h1/3),-1);
2*p*h2)* (h1/3) *N32'

Imiterm([1 7
2*pb*h2) *y31"'
Imiterm([1 7
2*b*h2) *w31"'
Imiterm([1 7
Imiterm([1 7
Imiterm([1 7
Imiterm([1 7

h2*e” (-2*b*h2) *h2*M33
Imiterm([1 7 7 M33],.5*h2%e” (-2*b*h2)*hl,1,'s");
(NON SYMMETRIC?)

lmiterm([1 7 7 N33],.5*h2*e” (-2*b*h2)* (h2/3),-1,
h2*e” (-2*b*h2) * (h2/3) *N33
Ilmiterm([1 7 7 N33],.5*h2%e” (-2*b*h2)* (h1/3),1,"
h2*e” (-2*b*h2) * (h1/3) *N33
Ilmiterm ([l 7 7 w3l],.5*h2%e” (-2*b*h2),-1,"
(NON SYMMETRIC?)
7 -w31],.5*h2*e” (-2*b*h2),-1,'s");

2*p*h2) *h1*M33

2*b*h2) *w31l
Imiterm([1 7
2*pb*h2) *w31l"'

Imiterm([1 7 7 M33],.5*hl*e” (-2*b*h2)*h2,1,'s");

2*p*h2) *h2*M33 (NON SYMMETRIC?)

3 -y31],hl*e”(-2*b*h2),-1);

3 -w31l],hl*e”(-2*b*h2),-1);

S7]I1I_D);
0]1,0);
0],0);

~ o U1

(NON SYMMETRIC?)

M33]1, .5*h2*e” (-2*b*h2) *h2, -1,
(NON SYMMETRIC?)

(NON SYMMETRIC?)

(NON SYMMETRIC?)

's

")

Imiterm([1 7 7 M33],.5*hl*e” (-2*b*h2)*hl,-1,"'s")

hl*e” (-2*b*h2) *h1*M33
Ilmiterm([1 7 7 N33],.5*hl*e” (-2*b*h2)* (h2/3),1,"
hl*e” (-2*b*h2) * (h2/3) *N33
Imiterm([1 7 7 N33],.5*hl*e” (-2*b*h2)* (h1/3),-1,
hl*e” (-2*b*h2) * (h1/3) *N33
Imiterm([1 7 7 w3l],.5*hl*e” (-2*b*h2),1,'s");
(NON SYMMETRIC?)

2*b*h2) *w31

Imiterm([1 7
2*b*h2) *w31"'
Imiterm([1 8
Imiterm([1
Imiterm
Imiterm
Imiterm
Imiterm
Imiterm
Imiterm
Imiterm
Imiterm([1
SYMMETRIC?)
Imiterm([1 8
SYMMETRIC?)

Imiterm([1 8
SYMMETRIC?)

Imiterm([1 8

([
([1
([1
([1
(1
(1
([1
([1

0O O 0O O 0O O 0O O O

(NON SYMMETRIC?)

(NON SYMMETRIC?)

(NON SYMMETRIC?)

7 -w31],.5*%hl*e” (-2*b*h2),1,'s");

(NON SYMMETRIC?)
-s1]1,1,1);
s81,1,-A)
_S2]I1I1)I
_5311111);
1)
D)
1)

l

’

-s471,1,
S81,1,-
-s51,1,
S61,1,1);
S71,1,1);

l

l

O ~Jo U D> WNRE B

[ee]

8 U], .5*h2"2,1,"'s");

8 U], .5*2*h2*hl1,1,'s");

(NON SYMMETRIC?)

Imiterm([1 8
SYMMETRIC?)
Imiterm([1 8

8 Ul,.5*h1"2,-1,

8 s81,1,1,'s");

R], .5*h1"2,1,"'s");

R], .5*h2"2,-1,"'s");

o

°

o
°

% LMI

oo

LMI

o

LMI
LMI
LMI

o°

oo

IMI #1: hl*e” (-
LMI #1: -hl*e” (-
#1: -hl*e” (-

#1: -hl*e” (-
#1: -S7*D
#1: O

#1: O

% LMI #1: -

% LMI #1: h2*e” (-

LMI

LMI

% LMI #1: -
% LMI #1:
#1: -h2*e” (-

#1: -h2*e” (-

% LMI #1: hl*e” (-

% LMI #1: -
% LMI #1:
% LMI #1: -

% LMI #1: hl*e” (-

%

oe

LMI
LMI
LMI
LMI
LMI
LMI
LMI
LMI
LMI
LMI

A0 o° o° A° o° J° o oP

o\°

oe

LMI

LMI

o\°

oe

LMI

o\°

LMI

o\

LMI

LMI

#1:
#1:
#1:
#1:
#1:
#1:
#1:
#1:
#1:
#1:

#1:

#1:

#1:

#1:

#1:

#1: hl*e” (-

SH

-S8*A

S2!

S3!

sS4

-S8*D

S5

S6

S7

h172*R (NON

-h2~2*R (NON
h272*U (NON
2%¥h2*h1*U

-h172*U (NON

S8+58"



Imiterm([-2

Imiterm([-3

Imiterm([-4

Imiterm([-5

Imiterm([-6

Imiterm ([-7

Imiterm ([-8

Imiterm([-9 1 1

P],1,1);

Ql,1,1);

R],1,1);

ul,1,1);

s61,1,1);

S71,1,1);

s81,1,1);

M111,1,1);

Imiterm([-10 1 1 M22],1,1);

Imiterm([-11

Imiterm([-12

Imiterm([-13

Imiterm([-14

t=getlmis;

M331,1,1);

N111,1,1);

N221,1,1);

N331,1,1);

[tmin, xfeas]=feasp (t)
P=dec2mat (t,xfeas, P);
Q =dec2Zmat (t,xfeas,Q);
R =dec2mat (t,xfeas,R);
U =dec2mat (t,xfeas, U);

Sl=dec2mat (t, xfeas, S1)

t,xfeas, S2)

t,xfeas, S3);
)
)
)

S2=dec2mat
S3=decZ2mat

S4=dec2mat (t,xfeas, S5
So6=dec2mat (t,xfeas, S6
S7=dec2mat (t, xfeas, S7

(
(
(
(
(
(
(
(

’

’
’

’

’

S8=dec2mat (t, xfeas, S8) ;

Mll=dec2mat (t,xfeas,M11)
t,xfeas,M21)
t,xfeas,M31)
t,xfeas,M22)
t,xfeas,M32)
t,xfeas,M12)
t,xfeas,M13)
t,xfeas,M23);
)
)
)
)
)
)
)

M21=dec2mat
M31l=dec2mat
M22=dec2mat
M32=dec2mat
Ml2=dec2mat
M13=dec2mat
M23=dec2mat
M33=dec2mat
Nll=dec2mat
N1l2=dec2mat
N13=dec2mat
N21l=dec2mat
N22=dec2mat
N23=dec2mat

e~~~ o~~~ o~~~ o~~~ o~ —~

t,xfeas,M33
t,xfeas,N11
t,xfeas,N12
t,xfeas,N13
t,xfeas,N21
t,xfeas,N22
t,xfeas,N23

’

’

’

’

’

’

’

’

’

’

’

’

’

’

o\©

o\°

o\°

o©

o

o©

o©

LMI

LMI

LMI

LMI

LMI

LMI

LMI

LMI

LMI

LMI

LMI

LMI

LMI

#2:

#3:

#4:

#5:

#6:

#7:

#8:

#9:

#10:

#11:

#12:

#13:

#14:

S6

S7

S8

MI1

M22

M33

N11

N22

N33



N3l=dec2mat (t,xfeas,N31);
N32=dec2mat (t, xfeas,N32) ;
N33=dec2mat (t,xfeas, N33
yll=dec2mat (t,xfeas,yll
yl2=dec2mat (t, xfeas, yl2
yl3=dec2mat (t,xfeas, yl3
y2l=dec2mat (t,xfeas, y21
y22=dec2mat (t,xfeas, y22
y23=dec2mat (t,xfeas, y23

y3l=dec2mat (t,xfeas, y31l);

( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
y32=dec2mat (t,xfeas, y32);
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )

’

’

I

’

I

’

’

I

’

y33=dec2mat (t,xfeas, y33
wll=dec2mat (t,xfeas,wll
wl2=dec2mat (t,xfeas,wl2
wl3=dec2mat (t,xfeas,wl3
w2l=dec2mat (t,xfeas, w2l
w22=dec2mat (t,xfeas, w22
w23=dec2mat (t,xfeas, w23
w3l=dec2mat (t,xfeas, w31l
w32=dec2mat (t,xfeas, w32
w33=dec2mat (t,xfeas, w33
tmin

’

’

’

’

’

’

’

’

’



2. MATLAB CODE for finding solution of examples 2

A=[0.5,1;-1,-1]
D=[-1,0.3;0.2,-0.5]
0=1[0,0;0,0]
hl=0.1
h2=3.1495

b=5

e=2.7182
Ha=[0.04,1;-1,-1]
Hd=[0.03,-0.002;0.001,0.06]

Ea=[-0.07,0.004;0.005,0.075]

Ed=[-0.045,0.002;0.001,0.04]

setlmls([])

~e N

~e

\
el e

1
1
1
U=lmivar (1
Sl=lmivar (
(

(

(

(

(

(

(

~.

S2=1lmivar

S3=1lmivar

S4=1mivar

S5=1lmivar

So=1lmivar

S7=1lmivar

S8=1lmivar

Mll=lmivar
M21=1mivar
M31l=1lmivar
M22=1mivar
M32=1mivar
Ml2=1lmivar
Ml13=1mivar
M23=1mivar
M33=1mivar
Nll=lmivar
Nl2=lmivar
N13=1lmivar
N21l=1mivar
N22=1mivar
N23=1lmivar
N3l=lmivar
N32=1mivar
N33=1mivar
yll=Ilmivar
yl2=Imivar
yl3=lmivar
y21l=lmivar
y22=lmivar
y23=1lmivar
y3l=lmivar
y32=lmivar
y33=1lmivar
wll=lmivar
wl2=1mivar
wl3=1lmivar
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w2l=1mivar
w22=1lmivar
w23=1lmivar
w3l=1lmivar
w32=1mivar
w33=1mivar

Imiterm([1 1 1 P],A',1
Imiterm([1 1 1 Q],.5*2
SYMMETRIC?)

Imiterm([1 1 1 M11],.5*hl*e”(-2*b*hl)*hl,-1,"'s");
hl*e” (-2*b*hl)*hl1*M11 (NON SYMMETRIC?)

Imiterm([1 1 1 N11],.5*hl*e”(-2*b*hl)* (h1/3),-1,"'s
hl*e” (-2*b*hl)* (h1/3)*N11 (NON SYMMETRIC?)
Imiterm([1 1 1 yl1l1],.5*hl*e”(-2*b*hl),-1,"'s");
2*pb*hl)*yll (NON SYMMETRIC?)

Imiterm([1 1 1 wll],.5*hl*e”(-2*b*hl),1,'s");
2*b*hl)*wll (NON SYMMETRIC?)

Imiterm([1 1 1 M11],.5*h2*e”(-2*b*h2)*h2,-1,"'s");
h2*e” (-2*b*h2) *h2*M11 (NON SYMMETRIC?)

Imiterm([1 1 1 N11],.5*h2*e”(-2*b*h2)* (h2/3),-1,"'s
h2*e” (-2*b*h2) * (h2/3) *N11 (NON SYMMETRIC?)
Imiterm([1 1 1 y11],.5*h2*e”(-2*b*h2),-1,'s");
2*pb*h2)*y1ll (NON SYMMETRIC?)

Imiterm([1 1 1 wll],.5*h2*e”(-2*b*h2),1,'s");
2*pb*h2) *wll (NON SYMMETRIC?)

Imiterm([1 1 1 S11,1,-A,'s");

Imiterm([1 2 1 M12],hl*e”(-2*b*hl)*hl,-1);
2*pb*hl) *h1*M12

Imiterm([1 2 1 N12],hl*e”(-2*b*hl)* (h1/3),-1);
2*p*hl)* (hl/3)*N12

Imiterm([1 2 1 y11],hl*e”(-2*b*hl),1);

2*pb*hl) *yll

Imiterm([1 2 1 wll],hl*e”(-2*b*hl),1);

2*b*hl) *wll
Imiterm([1 2 1 S521,1,
Imiterm([1 2 1
2*pb*hl) *h1*M21"
Imiterm([1 2 1 -N21],hl*e”(-2*b*hl)* (h1/3),-1);
2*pb*hl)* (hl/3)*N21"

Imiterm ([l 2 1 -y21],hl*e”(-2*b*hl),-1);
2*pb*hl) *y21"
Imiterm([1 2 1
2*b*hl) *w21"'
Imiterm([1 2 2 Q],.5*e”
(NON SYMMETRIC?)
Imiterm([1 2 2 M22],.5*hl*e”(-2*b*hl)*hl,-1,'s");
hl*e” (-2*b*hl)*h1*M22 (NON SYMMETRIC?)

0
n —
-~
~.
o o

o°

o°

o\°

o\°

oe

-A);
-M21],hl*e” (-2*b*hl)*hl,-1);

o\°

oe

-w21],hl*e” (-2*b*h1),1);

o\°

(2*b*hl),1,'s");

oe

Imiterm([1 2 2 N22],.5*hl*e”(-2*b*hl)* (hl1/3),-1,"'s"

hl*e” (-2*b*hl) * (h1l/3)*N22 (NON SYMMETRIC?)
Imiterm([1 2 2 y21],.5*%0.5*hl*e” (-2*b*hl),-1,"'s");
0.5*hl*e” (-2*b*hl) *y21 (NON SYMMETRIC?)

Imiterm([1 2 2 -y21],.5*0.5*%hl*e” (-2*b*hl),-1,"'s");

0.5*hl*e” (-2*b*hl) *y21"' (NON SYMMETRIC?)
Imiterm([1 2 2 w21],.5%0.5*hl*e” (-2*b*hl),1,"'s");
0.5*hl*e” (-2*b*hl) *w21 (NON SYMMETRIC?)
Imiterm([1 2 2 -w21],.5*0.5*hl*e” (-2*b*hl),1,'s");

LMI #1:
LMI #1:

oo

% LMI #1:

LMI #1:
LMI #1:

% ILMI
LMI #1:
LMI #1:

LMI
LMI

#1:
#1:

o\°

LMI
LMI #1:
LMI #1:

LMI #1:

LMI

% LMI #1:

#1:

A'*P+P*A
2*Q (NON

#1: -

S LMI #1: -
“hl¥*e” (-

hl*e” (-

#1: -

o

ILMI #1: -
—h2*e” (-
h2*e” (-

-S1*A-A"'"*3S1'
—hl*e” (-

—hl*e” (-
hl*e” (-
hl*e” (-

-S2*A
~hl*e” (-

#1: -hl*e” (-
—hl*e” (-
hlxe” (-

e” (2*b*hl) *Q

% LMI #1: -

) ;

Q

°

o

°

$ LMI #1: -

LMI #1: -

LMI #1: -

S LMI #1:

o

°

LMI #1:



0.5*hl*e” (-2*b*hl) *w21' (NON SYMMETRIC?)

Imiterm([1 2 2 M11l],.5*h2*e”(-2*b*h2)*h2,-1,"'s"); % LMI #1: -
h2*e” (-2*b*h2) *h2*M11 (NON SYMMETRIC?)

Imiterm([1 2 2 M11l], .5*h2*e” (-2*b*h2)*hl,1,'s"); s LMI #1: h2*e” (-
2*pb*h2)*hl1*M11 (NON SYMMETRIC?)

Imiterm([1 2 2 N11],.5*h2*e”(-2*b*h2)* (h2/3),-1,"'s"); % LMI #1: -
h2*e” (-2*b*h2)* (h2/3) *N11 (NON SYMMETRIC?)

Imiterm([1 2 2 N11],.5*h2*e” (-2*b*h2)*(h1/3),1,'s"); % LMI #1:
h2*e” (-2*b*h2)* (hl1/3)*N11 (NON SYMMETRIC?)

Imiterm([1 2 2 yl11],.5*h2*e”(-2*b*h2),-1,'s"); % LMI #1: -h2*e” (-
2*pb*h2)*y1ll (NON SYMMETRIC?)

Imiterm([1 2 2 wll],.5*h2*e”(-2*b*h2),1,'s"); % LMI #1: h2*e” (-
2*b*h2) *wll (NON SYMMETRIC?)

Imiterm([1 2 2 M11l], .5*hl*e” (-2*b*h2)*h2,-1,"'s"); $ LMI #1: -
hl*e” (-2*b*h2)*h2*M11 (NON SYMMETRIC?)

Imiterm([1 2 2 M11], .5*hl*e”(-2*b*h2)*hl,1,'s"); % LMI #1: hl*e” (-
2*pb*h2)*hl1*M11 (NON SYMMETRIC?)

Imiterm([1 2 2 N11],.5*hl*e”(-2*b*h2)* (h2/3),-1,'s"); % LMI #1: -
hl*e” (-2*b*h2)* (h2/3)*N11 (NON SYMMETRIC?)

Imiterm([1 2 2 N11],.5*hl*e” (-2*b*h2)*(h1/3),1,'s"); $ LMI #1:
hl*e” (-2*b*h2)* (hl1/3)*N11 (NON SYMMETRIC?)

Imiterm ([l 2 2 yl1l],.5*hl*e”(-2*b*h2),-1,"'s"); $ LMI #1: -hl*e” (-
2*pb*h2)*yll (NON SYMMETRIC?)

Imiterm([1 2 2 wll],.5*hl*e”(-2*b*h2),1,'s"); % LMI #1: hl*e” (-
2*pb*h2)*wll (NON SYMMETRIC?)

Imiterm([1 3 1 M12],h2*e” (-2*b*h2)*h2,-1);
2*b*h2) *h2*M12

Imiterm([1 3 1 N12],h2*e”(-2*b*h2)*(h1/3),-1); $ LMI #1: -h2*e” (-
2*b*h2)* (hl1/3) *N12

Imiterm([1 3 1 y1l1],h2%e”(-2*b*h2),1);
2*pb*h2) *yll

Imiterm([1 3 1 wll],h2*e”(-2*b*h2),1);
2*b*h2) *wll

Imiterm([1 3 1 S3],1,-A);

Imiterm([1 3 1 -M21],h2*%*e”(-2*b*h2)*h2,-1);
2*p*h2) *h2*M21"'

Imiterm([1 3 1 -N21],h2*e”(-2*b*h2)* (h1/3),-1); $ LMI #1: -h2*e” (-
2*b*h2)* (hl1/3) *N21"'

Imiterm([1 3 1 -y21],h2*e”(-2*b*h2),1);
2*pb*h2) *y21"

Imiterm([1 3 1 -w21l],h2*%*e”(-2*b*h2),1);
2*b*h2) *w21"

Imiterm([1 3 2 M12],h2*e” (-2*b*h2)*h2,-1);
2*pb*h2) *h2*M12

Imiterm([1 3 2 M12],h2*e” (-2*b*h2)*hl,1);
2*pb*h2) *hl1*M12

o

ILMI #1: -h2*e” (-

o

LMI #1: h2*e” (-

oe

LMI #1: h2*e” (-

o\°

LMI #1: -S3*A
ILMI #1: -h2*e” (-

o\°

o\°

LMI #1: h2*e” (-

o\°

LMI #1: h2*e” (-

oe

LMI #1: -h2*e” (-

o\°

LMI #1: h2*e” (-

Imiterm([1 3 2 N12],h2*e” (-2*b*h2)* (h2/3),-1); % LMI #1: -h2*e” (-
2*pb*h2)* (h2/3) *N12

Imiterm([1 3 2 N12],h2*e” (-2*b*h2)*(h1/3),1); % LMI #1: h2%e” (-
2*pb*h2)* (h1/3) *N12

Imiterm([1 3 2 yll],h2*e”(-2*b*h2),1);
2%b*h2) *yl1l

Imiterm([1 3 2 wll],h2*e” (-2*b*h2),1);
2%b*h2) *wll

Imiterm([1 3 2 M11],hl*e” (-2*b*h2)*h2,-1);
2%p*h2) *h2*M11

Imiterm([1 3 2 M11],hl*e”(-2*b*h2)*hl,-1);
2%b*h2) *h1*M11

o\°

IMI #1: h2*e” (-

oe

LMI #1: h2*e” (-

o\

ILMI #1: -hl*e” (-

oe

ILMI #1: -hl*e” (-



Imiterm([1 3 2 N12],hl*e” (-2*b*h2)* (h2/3)
2*p*h2)* (h2/3) *N12

Imiterm([1 3 2 N12],hl*e”(-2*b*h2)*(h1/3),-1);
2*pb*h2)* (hl/3) *N12

Imiterm([1 3 2 yl11],hl*e”(-2*b*h2),-1);
2*b*h2) *yll

Imiterm([1 3 2 wll],hl*e”(-2*b*h2),-1);
2*b*h2) *wll

Imiterm([1 3 2 -M12],h2*e” (-2*b*h2)*hl,-1);
2*pb*h2) *h1*M12"

Imiterm([1 3 2 -M21],h2*e” (-2*b*h2)*hl,1);
2*pb*h2) *h1*M21"'

Imiterm([1 3 2 -N21],h2*e” (-2*b*h2)* (h2/3),-1);
2*pb*h2) * (h2/3) *N21"'

lmiterm([l 3 2 -N21],h2*e” (-2*b*h2)* (h1l/3)
2*pb*h2)* (h1/3) *N21"'

Imiterm ([l 3 2 -y21],h2*e”(-2*b*h2),-1);
2*b*h2) *y21"

Imiterm([1l 3 2 -w2l],h2*e”(-2*b*h2),1);
2*b*h2) *w21"'

Imiterm([1 3 2 -M21],hl*e” (-2*b*h2)*h2,-1);
2*b*h2) *h2*M21"'

Imiterm([1 3 2 -M21],hl*e” (-2*b*h2)*hl,1);
2*pb*h2) *h1*M21"

lmiterm([l 3 2 -N21],hl*e”(-2*b*h2)* (h2/3),-1);
2*pb*h2) * (h2/3) *N21"'

lmlterm([l 3 2 -N21],h2*e” (-2*b*h2)* (h1/3),1);
2*pb*h2)* (hl1/3) *N21"'

Imiterm([1 3 2 -y21],hl*e”(-2*b*h2),-1);
2*pb*h2) *y21"

Imiterm([1 3 2 -w2l],hl*e”(-2*b*h2),1);
2*b*h2) *w21"'

Imiterm([1 3 2 Q],0.5%e”(2*b*hl),-1);

0.5%e” (2*b*hl) *Q

Imiterm([1 3 2 Q],0.5%e”(2*b*h2),-1);

0.5%e” (2*b*h2) *Q

Imiterm([1 3 3 Q],.5*e”(-2*b*h2),-1,"'s");
2*b*h2)*Q (NON SYMMETRIC?)

Imiterm([1 3 3 M22],.5*h2*e” (-2*b*h2)*h2,-1,'s"
h2*e” (=2*b*h2) *h2*M22 (NON SYMMETRIC?)
Imiterm([1 3 3 N22],.5*h2*e” (-2*b*h2)* (h2/3)
h2*e” (-2*b*h2) * (h2/3) *N22 (NON SYMMETRIC?)
Imiterm ([l 3 3 y21],.5*h2*e”(-2*b*h2),1,"'s");

2*pb*h2) *y21
Imiterm([1 3 3
2*b*h2) *w21l
Imiterm([1 3 3
h2*e” (-
Imiterm([1 3 3
2*pb*h2) *hl1*M22
Imiterm([1 3 3
h2*e” (-
Imiterm([1 3 3
h2*e” (-
Imiterm([1 3 3
2*pb*h2) *y21"
Imiterm([1 3 3
2*b*h2) *w21"'

2*p*h2) *h2*M22

2*p*h2) *

2*p*h2) *

(NON SYMMETRIC?)

w21l], .5%*h2*e” (-2*b*h2),1

(NON SYMMETRIC?)

M221, .5*h2*e” (-
(NON SYMMETRIC?)
M22], .5*h2*e” (-
(NON SYMMETRIC?)

N22],.5*h2*e” (-=2*b*h2) *
(h2/3) *N22 (NON SYMMETRIC?)
N221, .5*h2*e” (-2*b*h2) *
(h1/3)*N22 (NON SYMMETRIC?)
-y21], .5*h2*e” (-2*b*h2),1,

(NON SYMMETRIC?)

-w21l], .5*h2*e” (-

(NON SYMMETRIC?)

2*p*h2) *h2, -

2*pb*h2),1,"'

‘S‘);

2*b*h2)*hl,1,'s

S LMI #1:

o
°

% LMI

oo

LMI

o°

LMI

% LMI

oo

o
°

% LMI

% LMI

% LMI

% LMI

o
°

% LMI

o\°

LMI

oe

LMI

o\°

LMI

oe

LMI

s');

")
(h2/3), -
(h1/3),1
's");

s');

s

's');

o

°

o

°

LMI

#1:

#1:

#1:

#1:

LMI

LMI

#1:

#1:

#1:

#1:

LMI

LMI

#1:

#1:

#1:

#1:

#1:

LMI #1:

LMI #1:

LMI #1:

hlx*
#1: -hl
—h1*
-hl*e
—h2*
h2*e” (
#1:
#1:
—h2*
h2*e” (

-hl*e

#1:
#1:
-hl*e

hl*e” (

_e/\ (_

LMI #1:

*

_h2*

h2*e

hlxe” (-

-hl*e

h2*e

e” (-

e’ (

e’ (-

/\(_

e’ (-

/\(_

e’ (-

/\(_

/\(_

/\(_

% LMI #1:

#1: h2*
#1:

LMI #1:

h2*e

e’ (-

/\(_

h2*e

% LMI #1:

S LMI #

1:

h2*e

h2*e

A(_

/\(_

e’ (-

/\(_

/\(_



Imiterm([1 3 3
2*pb*h2) *h2*M22
Imiterm([1 3 3
hl*e” (-

2*p*h2) *h1*M22

M22], .5*hl*e” (-2*b*h2)*h2,1,'s
(NON SYMMETRIC?)

M22]1, .5*hl*e” (-2*b*h2) *hl, -1,
(NON SYMMETRIC?)

")

s');

Imiterm([1 3 3 N22],.5*hl*e” (-2*b*h2)* (h2/3) 's');
hl*e” (-2*b*h2)* (h2/3)*N22 (NON SYMMETRIC?)

Imiterm([1 3 3 N22],.5*hl*e”(-2*b*h2)* (h1/3),-1,"'s");
hl*e” (-2*b*h2) * (h1/3) *N22 (NON SYMMETRIC?)

Imiterm([1 3 3 y21],.5*0.5*hl*e” (-2*b*h2),-1,"'s");
0.5*hl*e” (-2*b*h2) *y21 (NON SYMMETRIC?)

Imiterm([1 3 3 -y21],.5*0.5*hl*e” (-2*b*h2),-1,"'s");
0.5*hl1*e” (-2*b*h2) *y21' (NON SYMMETRIC?)

Imiterm([1 3 3 w21],.5*0.5*hl*e” (-2*b*h2),-1,"'s");
0.5*hl*e” (-2*b*h2) *w21 (NON SYMMETRIC?)

Imiterm([1 3 3 -w21],.5*0.5*hl*e” (-2*b*h2),-1,"'s");
0.5*hl*e” (-2*b*h2) *w21"' (NON SYMMETRIC?)

Imiterm([1 4 1 P],0.5*D',1); % LMI
Imiterm([1 4 1 P],0.5,D); % LMI
Imiterm([1 4 1 -S1],D',-1); % LMI
Imiterm([1 4 1 S4],1,—A); % LMI
Imiterm([1 4 2 -52],D',-1); % LMI
Imiterm([1 4 3 -S3],D 1); % LMI
Imiterm([1 4 4 S4]1,1,- ,'s ) ; % LMI
Imiterm([1 5 1 M13],hl*e”(-2*b*hl)*hl,-1); % LMI
2*b*hl) *h1*M13

lmlterm([l 5 1 N13],hl*e”(-2*b*hl)* (h1/3),-1); %
2*p*hl)* (hl/3)*N13

Imiterm([1 5 1 wll],hl*e”(-2*b*hl)*2,-1); % LMI
2*pb*hl) *2*wll

Imiterm([1 5 1 S57, A); % LMI
Imiterm([1 5 1 -M31 ] hl* ~(=2*b*hl)*hl,-1); % LMI
2*b*hl) *h1*M31"'

Imiterm([1 5 1 -N31],hl*e”(-2*b*hl)* (h1/3),-1); %
2*p*hl)* (h1/3) *N31"

Imiterm([1 5 1 -y31],hl*e”(-2*b*hl),-1); $ LMI
2*pb*hl) *y31"

Imiterm([1 5 1 -w31l],hl*e”(-2*b*hl),1); $ LMI
2*b*hl) *w31'

Imiterm([1 5 2 M23],hl*e” (-2*b*hl)*hl,-1); % LMI
2*pb*hl) *h1*M23

Imiterm([1 5 2 N23],hl*e”(-2*b*hl)* (h1/3),-1); %
2*pb*hl) * (hl/3) *N23

Imiterm([1 5 2 w21],hl*e” (-2*b*hl)*2,-1); % LMI
2*pb*hl) *2*w21

Imiterm([1 5 2 -M32],hl*e” (-2*b*hl)*hl,-1); % LMI
2*pb*hl) *h1*M32"

Imiterm([1 5 2 -N32],hl*e”(-2*b*hl)* (h1/3),-1); %
2*pb*hl)* (h1/3) *N32"'

Imiterm([1 5 2 -y31],hl*e”(-2*b*hl),1); $ LMI
2*pb*hl) *y31"'

Imiterm([1 5 2 -w31],hl*e”(-2*b*hl),1); $ LMI
2*pb*hl) *w31"'

Imiterm([1 5 3 0],0); $ LMI
Imiterm([1 5 4 S5],1,-D); $ LMI
Imiterm([1 5 5 M33],.5*hl*e” (-2*b*hl)*hl,-1,"'s");
hl*e” (-2*b*hl)*h1*M33 (NON SYMMETRIC?)

Imiterm([1 5 5 N33],.5*hl*e” (-2*b*hl)*(hl1/3),-1,"'s");

hl*e” (-

2*p*hl) *

(h1/3) *N33 (NON SYMMETRIC?)

LMI #1: hl*e” (-
% LMI #1: -
% LMI #1:
$ LMI #1: -
% LMI #1: -
% LMI #1: -
% LMI #1: -
% LMI #1: -
#1: 0.5*D'*P
#1: 0.5*P*D
#1: -D'*S1'
#1: —-S4*A
#1: -D'*S2"
#1: -D'*S3!
#1: -S4*D-D'*3S4'!
#1: -hl*e” (-
ILMI #1: -hl*e” (-
#1: -hl*e” (-
#1: -S5*A
#1: -hl*e” (-
ILMI #1: -hl*e” (-
#1: -hl*e” (-
#1: hl*e” (-
#1: -hl*e” (-
IMI #1: -hl*e” (-
#1: -hl*e” (-
#1: -hl*e” (-
LMI #1: -hl*e” (-
#1: hl*e” (-
#1: hl*e”™ (-
#1: O
#1: -S5*D
% LMI #1: -
$ LMI #1: -



Imiterm([1 5 5 w31], .5*hl*e”(-2*b*hl),-1,"'s");

2*p*hl) *w31 (NON SYMMETRIC?)

Imiterm([1 5 5 -w31],.5*hl*e” (-2*b*hl),-1,"'s");

2*p*hl)*w31' (NON SYMMETRIC?)
Imiterm([1 6 1 M13],h2*e”(-2*b*h2)*h2,-1);
2*p*h2) *h2*M13

Imiterm([1 6 1 N13],h2*e” (-2*b*h2)* (h2/3),-1);

2*pb*h2)* (h2/3) *N13

Imiterm([1 6 1 wll],h2*e”(-2*b*h2)*2,-1);
2*pb*h2)*2*wll

Imiterm([1 6 1 S6],1,-A);

Imiterm([1 6 1 -M31],h2*%*e” (-2*b*h2)*h2,-1);

2*p*h2) *h2*M31"'

Imiterm ([l 6 1 -N31],h2*e”(-2*b*h2)* (h2/3),-1);

2*pb*h2)* (h2/3) *N31"'

Imiterm([1 6 1 -y31],h2*e”(-2*b*h2),-1);
2*b*h2) *y31"

Imiterm([1 6 1 -w31l],h2*e”(-2*b*h2),1);
2*pb*h2) *w31"'

Imiterm([1 6 2 0],0);

Imiterm([1 6 3 M23],h2*e”(-2*b*h2)*h2,-1);
2*b*h2) *h2*M23

Imiterm ([l 6 3 N23],h2*e” (-2*b*h2)* (h2/3),-1);

2*pb*h2)* (h2/3) *N23
Imiterm([1 6 3 wll],h2*e”(-2*b*h2)*2,-1);
2*p*h2) *2*wll

Imiterm([1 6 3 -M32],h2*e” (-2*b*h2)*h2,-1);

2*p*h2) *h2*M32"'

Imiterm ([l 6 3 -N32],h2*e” (-2*b*h2)* (h2/3),-1);

2*pb*h2) * (h2/3) *N32"'

Imiterm([1 6 3 -y31],h2*e”(-2*b*h2),1);
2*p*h2) *y31"'

Imiterm([1 6 3 w31l],h2*e” (-2*b*h2),1);
2*b*h2) *w31l

Imiterm([1 6 4 S6],1,-D);

Imiterm([1 6 5 0],0);

Imiterm([1 6 6

h2*e” (-2*b*h2) *h2*M33 (NON SYMMETRIC?)

Imiterm ([l 6 6 N33],.5*h2*e” (-2*b*h2)* (h2/3),-1,

h2*e” (=2*b*h2) * (h2/3) *N33 (NON SYMMETRIC?)
Imiterm([1 6 6 w3l1l],.5*h2*e” (-2*b*h2),-1,"'
2*p*h2) *w31 (NON SYMMETRIC?)

Imiterm ([l 6 6 -w31l],.5*h2*e”(-2*b*h2),-1,"'s");

2*pb*h2)*w31l' (NON SYMMETRIC?)

Imiterm([1 7 1 S7]1,1,-A);

Imiterm([1 7 2 M13],h2*e” (-2*b*h2)*h2,-1);
2*b*h2) *h2*M13

Imiterm([1 7 2 M13],h2*e” (-2*b*h2)*hl,1);
2*b*h2)*h1*M13

Imiterm([1 7 2 N13],h2*e” (-2*b*h2)* (h2/3),-1);

2*pb*h2)* (h2/3) *N13

Imiterm([1 7 2 N13],h2%*e”(-2*b*h2)*(h1/3),1);

2*pb*h2)* (h1/3)*N13

Imiterm([1 7 2 wll],h2%e”(-2*b*h2)*2,-1);
2*p*h2) *2*wll

Imiterm([1 7 2 M13],hl*e”(-2*b*h2)*h2,1);
2*p*h2) *h2*M13

Imiterm([1 7 2 M13],hl*e”(-2*b*h2),-1);
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M33], .5*h2*e” (-2*b*h2) *h2,-1,'s");
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o\°

o\°

oe

o\°
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oe

% LMI #1: -hl*e” (-
% LMI #1: -hl*e” (-
LMI #1: -h2*e” (-

% LMI #1: -h2*e” (-

LMI #1: -h2*e” (-

LMI #1: -S6*A

LMI #1: -h2*e” (-

$ LMI #1: -h2*e” (-

LMI #1: -h2%e” (-

ILMI #1: h2*e” (-

LMI #1: O

LMI #1: -h2%e” (-

% LMI #1: -h2*e” (-

LMI #1: -h2%e” (-
ILMI #1: -h2*e” (-
$ LMI #1: -h2%e” (-
LMI #1: h2*e” (-
ILMI #1: h2*e” (-
LMI #1: -S6*D
LMI #1: O
$ LMI #1: -
% LMI #1: -

% LMI #1: -h2*e” (-

% LMI #1: -h2*e” (-
IMI #1: -S7*A
LMI #1: -h2%e” (-
LMI #1: h2*e” (-

% LMI #1: -h2*e” (-
$ LMI #1: h2*e” (-
LMI #1: -h2%e” (-

LMI #1: hl*e” (-
LMI #1: -hl*e” (-



2*p*h2)*M13

Imiterm([1 7 2 N13],hl*e”(-2*b*h2)* (h2/3),1)

2*pb*h2)* (h2/3) *N13

Imiterm ([l 7 2 N13],hl*e”(-2*b*h2)* (hl1/3),-1);

2*b*h2)* (h1/3)*N13
Imiterm([1 7 2 wll],hl*e”(-2*b*h2)*2,1);
2*p*h2) *2*wll

Imiterm([1 7 2 -M31],h2*e” (-2*b*h2)*h2,-1);

2*p*h2) *h2*M31"'
Imiterm([1 7 2 -M31],h2*e”(-2*b*h2)*hl,1);
2*p*h2) *h1*M31"'

Imiterm([1 7 2 -N31],h2*e”(-2*b*h2)* (h2/3),-1);

2*pb*h2)* (h2/3) *N31"

(
Imiterm ([l 7 2 -N31],h2%*e” (-2*b*h2)* (h1/3),1
(

2*pb*h2)* (h1/3) *N31"

Imiterm([1 7 2 -y31],h2*e”(-2*b*h2),-1);
2*b*h2) *y31"

Imiterm([1 7 2 -w31l],h2*e”(-2*b*h2),1);
2*b*h2) *w31"'

Imiterm([1 7 2 -M31],hl*e”(-2*b*h2)*h2,1);
2*pb*h2) *h2*M31"

Imiterm([1 7 2 -M31],hl*e”(-2*b*h2),-1);
2*b*h2) *M31"'

Imiterm ([l 7 2 -N31],hl*e” (-2*b*h2)* (h2/3),1

2*b*h2)* (h2/3) *N31"

(
Imiterm([1 7 2 -N31],hl*e”(-2*b*h2)* (h1/3),-1);
(

2*p*h2) * (h1/3) *N31"'

Imiterm([1l 7 2 -y31],hl*e”(-2*b*h2),1);
2%p*h2) *y31"

Imiterm ([l 7 2 -w31],hl*e” (-2*b*h2),-1);
2*%p*h2) *w31"

Imiterm([1 7 3 M23],h2%e” (-2*b*h2)*h2,-1);
2*p*h2) *h2*M23

Imiterm([1 7 3 M23],h2%e” (-2*b*h2) *hl,1);
2%p*h2) *h1*M23

Imiterm([1 7 3 N23],h2*e” (-2*b*h2)* (h2/3),-1);

2*pb*h2)* (h2/3) *N23

Imiterm([1 7 3 N23],h2*e” (-2*b*h2)*(h1/3),1);

2*pb*h2)* (h1/3)*N23

Imiterm([1 7 3 w2l],h2*e”(-2*b*h2)*2,-1);
2*p*h2) *2*w21

Imiterm([1 7 3 M23],hl*e”(-2*b*h2)*h2,1);
2*p*h2) *h2*M23

Imiterm([1 7 3 M23],hl*e”(-2*b*h2)*hl,-1);
2*p*h2) *h1*M23

Imiterm([1 7 3 N23],hl*e”(-2*b*h2)*(h2/3),1)

2*pb*h2)* (h2/3) *N23

Imiterm([1 7 3 N23],hl*e” (-2*b*h2)* (h1/3),-1);

2*pb*h2)* (h1/3)*N23
Imiterm([1 7 3 w2l1],hl*e”(-2*b*h2)*2,1);
2*p*h2) *2*w21

Imiterm([1 7 3 -M32],h2*e” (-2*b*h2)*h2,-1);

2*p*h2) *h2*M32"'
Imiterm([1 7 3 -M32],h2*%*e” (-2*b*h2)*hl,1);
2*p*h2) *h1*M32"'

Imiterm([1 7 3 -N32],h2*e”(-2*b*h2)* (h2/3),-1);

2*b*h2)* (h2/3) *N32"'

Imiterm([1 7 3 -N32],h2%*e”(-2*b*h2)* (hl1l/3),1);

’
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oe

o\°
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oe

o\°

oe

o\°

% LMI #1: hl*e” (-

S LMI #1:

_hl*e/\ (_

LMI #1: hl*e” (-

LMI #1: -h2*e” (-

LMI #1: h2*e” (-

% LMI #1:

% LMI #1:

°

_h2*e/\ (_

h2*e” (-

LMI #1: -h2*e” (-

LMI #1: h2*e” (-

ILMI #1: hl*e” (-

LMI #1: -hl*e” (-

% LMI #1:

% LMI #1:

hl*e” (-

_hl*e/\ (_

LMI #1: hl*e” (-

ILMI #1: -hl*e” (-

LMI #1: -h2*e” (-

LMI #1: h2*e” (-

% LMI #1:

_h2*eA (_

% LMI #1: h2*e” (-

ILMI #1: -h2*e” (-

LMI #1: hl*e” (-

ILMI #1: -hl*e” (-

% LMI #1: hl*e” (-

S LMI #1:

_hl*e/\ (_

ILMI #1: hl*e” (-

ILMI #1: -h2*e” (-

IMI #1: h2*e” (-

% LMI #1:

S LMI #1:

_hZ*e/\ (_

h2*xe” (-



2*b*h2)* (hl1/3)*N32"'

Imiterm([1 7 3 -y31]1,h2*e”(-2*b*h2),1);

2*pb*h2) *y31"'

Imiterm([1 7 3 -w31l],h2*e”(-2*b*h2),1);
2*b*h2) *w31"'

Imiterm([1 7 3 -M32],hl*e”(-2*b*h2)*h2,1);
2*b*h2) *h2*M32"'

Imiterm([1 7 3 -M32],hl*e” (-2*b*h2)*hl,-1);
2*b*h2) *h1*M32"'

lmiterm([l 7 3 -N32],hl*e” (-2*b*h2)* (h2/3)
2*pb*h2) * (h2/3) *N32"'

Imiterm([1 7 3 -N32],hl*e”(-2*b*h2)* (hl/3),
2*p*h2)* (hl1/3) *N32"'

Imiterm([1 7 3 -y31],hl*e”(-2*b*h2),-1);
2*p*h2) *y31"'

Imiterm([1 7 3 -w31l],hl*e”(-2*b*h2),-1);
2*b*h2) *w31"'

Imiterm([1 7 4 S7],1,-D);

Imiterm([1 7 5 0],0);

Imiterm([1 7 6 0],0);

Imiterm([1 7 7 M33],.5*h2*e”(-2*b*h2)*h2, -

h2*e” (-
Imiterm([1 7 7 M33],
2*pb*h2) *h1*M33 (NON SYMMETRIC?)

Imiterm([1 7 7 N33],.5*h2*e” (-2*b*h2)* (h2/3)
h2*e” (-2*b*h2) * (h2/3) *N33 (NON SYMMETRIC?)
Imiterm([1 7 7 N33],.5*h2*e” (-2*b*h2)*
h2*e” (-2*b*h2) * (h1/3) *N33 (NON SYMMETRIC?)
Imiterm([1 7 7 w31l],.5*h2*e” (-2*b*h2), -
2*pb*h2) *w31 (NON SYMMETRIC?)
Imiterm([1 7 7 -w31],.5*h2*e” (-
2*pb*h2)*w31'" (NON SYMMETRIC?)
Imiterm([1 7 7 M33],.5*hl*e” (-
2*pb*h2) *h2*M33 (NON SYMMETRIC?)
Imiterm([1 7 7 M33],.5*hl*e” (-
hl*e” (-2*b*h2)*h1*M33 (NON SYMMETRIC?)
Imiterm([1 7 7 N33],.5*hl*e”(-2*b*h2)

2*p*h2) *h2*M33 (NON SYMMETRIC?)
.5*h2*e” (-

2*b*h2),-1,"'s

2*p*h2)*hl,1,'s

2*p*h2)*h2,1,"'s

_l) .

's

oo

’

o°

o° oe

o°

")

")

(h1/3),1
's');

V).

’

")

2*p*h2)*hl,-1,"'s

*(h2/3),1,

hl*e” (-2*b*h2)* (h2/3)*N33 (NON SYMMETRIC?)
Imiterm([1 7 7 N33],.5*hl*e”(-2*b*h2)* (h1l/3)
hl*e” (-2*b*h2)* (hl/3)*N33 (NON SYMMETRIC?)
lmiterm([1 7 7 w31l],.5*hl*e” (-2*b*h2),1,'s");
2*b*h2)*w31 (NON SYMMETRIC?)

Imiterm([1 7 7 -w31l],.5*hl*e” (-2*b*h2),1,'s");
2*b*h2)*w31' (NON SYMMETRIC?)

Imiterm([1 8 1 -S1],1, 1)'

Imiterm([1 8 1 S8],1,-A);

Imiterm([1 8 2 -521,1,1);

Imiterm([1 8 3 -S3], 1)

Imiterm([1 8 4 -54], 1);

Imiterm([1 8 4 S871,1, D),

Imiterm([1 8 5 =-S5], 1);

Imiterm([1 8 6 S6],1 ),

Imiterm([1 8 7 S71,1,1)

Imiterm([1 8 8 R],.5*h1"2,1,'s");

SYMMETRIC?)

Imiterm([1 8 8 R],.5*h2"2,-1,"'s");
SYMMETRIC?)

Imiterm([1 8 8 U],.5*h272,1,'s");

A° 0° 0@ o0 d° d° d° od° oe

o\°

o\

oe

IMI #1: h2*e” (-
ILMI #1: h2*e” (-
IMI #1: hl*e” (-
IMI #1: -hl*e”™ (-
% LMI #1: hl*e” (-
% LMI #1: -hl*e” (-
IMI #1: -hl*e” (-
IMI #1: -hl*e” (-
IMI #1: -S7*D
LMI #1: O
LMI #1: O
% LMI #1: -
$ LMI #1: h2*e” (-
% LMI #1: -
% LMI #1:
% LMI #1: -h2*e” (-
% LMI #1: -h2*e” (-
$ LMI #1: hl*e” (-
% LMI #1: -
% LMI #1:
% LMI #1: -
% LMI #1: hl*e” (-
$ LMI #1: hl*e” (-
ILMI #1: S1°'
LMI #1: -S8*A
ILMI #1: S2'
ILMI #1: S3°'
ILMI #1: S4°
LMI #1: -S8*D
LMI #1: S5'
ILMI #1: S6
LMI #1: S7
IMI #1: hl1”2*R (NON
ILMI #1: -h272*R (NON
ILMI #1: h272*U (NON



SYMMETRIC?)

Imiterm([1 8 8 U],.5*2*h2*hl,1,'s"); % LMI #1: 2*h2*hl*U
(NON SYMMETRIC?)

Imiterm([1 8 8 U], .5*h1"2,-1,'s"); % LMI #1: -hl1”2*U (NON
SYMMETRIC?)

Imiterm([1 8 8 S8],1,1,'s"); % LMI #1: S8+S8'"
Imiterm([-2 1 1 P],1,1); % LMI #2: P
Imiterm([-3 1 1 QJ],1,1); % LMI #3: Q
Imiterm([-4 1 1 R1,1,1); % LMI #4: R
Imiterm([-5 1 1 Ul,1,1); % LMI #5: U
Imiterm([-6 1 1 S61,1,1); % LMI #6: S6
lmiterm([-7 1 1 s7],1,1); S LMI #7: S7
Imiterm([-8 1 1 S8],1,1); % LMI #8: S8
Ilmiterm([-9 1 1 M11],1,1); S LMI #9: MI11

Imiterm([-10 1 1 M22]1,1,1);

o©

LMI #10: M22

Imiterm([-11 1 1 M33]1,1,1);

o©

LMI #11: M33

Imiterm([-12 1 1 N117,1,1);

o©

LMI #12: N11

oe

Imiterm([-13 1 1 N22],1,1); LMI #13: N22

Imiterm([-14 1 1 N33],1,1); % LMI #14: N33
t=getlmis;

[tmin, xfeas]=feasp (t)
P=dec2mat (t, xfeas, P)
Q =dec2mat (t,xfeas,Q);
R =dec2mat (t,xfeas,R);
U =dec2mat (t,xfeas, U);
Sl=dec2mat (t, xfeas, S1
S2=dec2mat (t, xfeas, S2
( .
(
(
(

’

’

’

)

)

S3=dec2mat (t, xfeas, S3) ;
S4=dec2mat (t,xfeas, S5) ;
So=dec2mat (t,xfeas, S6)

S7=dec2mat (t,xfeas, S7) ;
S8=dec2mat (t, xfeas, S8) ;
Mll=dec2mat (t,xfeas,M11
M21=dec2mat (t,xfeas,M21
M31l=dec2mat (t,xfeas,M31

’

’

’

)
( )
( )7

M22=dec2mat (t,xfeas,M22) ;

M32=dec2mat (t, xfeas,M32)
( )
( )
( )

’

’

Ml2=dec2mat (t,xfeas,M12
M1l3=dec2mat (t,xfeas,M13
M23=dec2mat (t,xfeas,M23

’

’



M33=dec2mat (t, xfeas, M33)
Nll=dec2mat (t,xfeas,N11)
N1l2=dec2mat (t, xfeas,N12)
N13=dec2mat (t, xfeas,N13)
N21l=dec2mat (t, xfeas,N21)
N22=dec2mat (t, xfeas,N22)
N23=dec2mat (t, xfeas,N23)
N3l=dec2mat (t, xfeas,N31)
N32=dec2mat (t, xfeas,N32)
N33=dec2mat (t, xfeas,N33)
yll=dec2mat (t,xfeas, yll)
yl2=dec2mat (t, xfeas, yl2)
yl3=dec2mat (t,xfeas, yl3);
y2l=dec2mat (t,xfeas, y21);
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )

I
’

’

I

I

I

’

’

I

I

I

’

’

y22=dec2mat (t,xfeas, y22
y23=dec2mat (t,xfeas, y23
y3l=dec2mat (t, xfeas, y31
y32=dec2mat (t, xfeas, y32
y33=dec2mat (t, xfeas, y33
wll=dec2mat (t,xfeas,wll
wl2=dec2mat (t,xfeas,wl2
wl3=dec2mat (t,xfeas,wl3
w2l=dec2mat (t,xfeas, w2l
w22=dec2mat (t,xfeas, w22
w23=dec2mat (t,xfeas, w23
w3l=dec2mat (t,xfeas, w31l
w32=dec2mat (t,xfeas, w32
w33=dec2mat (t,xfeas, w33

’

’

’

’

’

’

’

’

’

’

’

’

’

tmin
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